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(SEXY... DATA PRINT-OUT 


IN MANY FLEXIBLE MODES 


OF OPERATION! 


High-Speed Scaler and Electronic Timer 


OPERATING MODES 
N-803 TIMER 


e Preset Count: 15 settings from 10 to 500,000 counts. Shines sine in eis 
° p lity: , crystal controlied. 
e Preset Time: 15 settings from 0.1 to 50,000 seconds. Preset Time: 15 ranges i 0.1 sec. to 50,000 secs 


e@ Combined Preset Time & Count: any of the time or ‘ Elapsed Time: to 10,000 secs. 
count settings may be used simultaneously with the anel Dimension: 342” height for standard Rack Mounting. 
system stopping when the first preset event occurs. 


Data Print-Out: both scaler and timer provide “stair- 
case” outputs. Time, counts, or both may be printed N-276 SCALER 


out or code punched on cards or tape. Pulse Pair Resolution: better than 1 us 
: P : Continuous 
Automatic Recycling: The system will recycle automat- Repetition Rete: 1 megacycie. 


ically, if desired, following occurrence of a preset indication: 6 electronic decades 
event and data print-out. In this case, print-out can be (7 in model N-277) 
cumulative or destructive. Both print-out and automatic ene nen 

recycling can be used in any mode of operation. Gomtined Conent ome ” previously described 


. . . Preset Count: 
These units are not only highly flexible but are also of pabeeees Gallbention:. 69 cycle 


the fine research quality typical of all Hamner Instru- Input Sensitivity: 4V minimum, + or — by 
ments. Scaler and Timer may be used together to provide front panel switch 

the operational modes listed above. They may also be Panel Dimension: 342" height, for standard 
used independently. Raek ReeeenG. 


For full specifications on Hamner’s Nuclear Instruments, 
contact Hamner or your area representative. 





For Additional Information Please Write: 


Hamner Electronics Co.. Ine. 


Department 12, P.O. Box 531, Princeton, New Jersey, PEnnington 7-1320 















































BW NUCLEAR FUEL ELEMENTS AROUND THE WORLD 


Man’s search for better living will be met in large 
part from practical nuclear power applications. As 
a major supplier of nuclear fuel elements for re- 
search, testing, and power production purposes, 
B&W makes a significant contribution to this search. 
The high standards of B&W engineering com- 
petence; its production facilities and experience, 
assure nuclear fuel element purchasers of the highest 
quality and greatest dependability available. 


These unparalleled qualities are exemplified by 
the B&W fuel elements produced for research re- 
actors around the world, the Materials Testing Re- 
actor (MTR), Engineering Test Reactor (ETR), 
N.S. SAVANNAH, and many of those which power 
the nuclear submarine fleet. 

For additional information request a copy of 
bulletin, NCB-1. Write to The Babcock & Wilcox 
Company, 161 East 42nd Street, New York 17, N. Y. 


THE BABCOCK & WILCOX COMPANY 





NUCLEAR POWER APPLICATIONS 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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Inside 
Story 


OF FUEL 
ELEMENT 
QUALITY 
CONTROL 


at M&C 
Nuclear, Inc. 


To assure the quality desired by 
reactor designers, we are experienced 


Requirement: Structure Determination. The 
metallographer determines and records the 
structure, grain size, and bonding of metallo- 
graphic samples taken after each critical phase 
in the manufacture of fuel elements. 


Requirement: Bond Integrity. Ultrasonic immersion testing equip- 
ment, designed specifically for our non-destructive testing use, checks 
bond integrity and soundness of fuel cladding. 





Requirement: Dimensional Accuracy of Machined Parts down 
to 0.0001 Inch. Surface plate and electronic height gauge used to 


ossure accurate measurement. 








Requirement: Determine Sub Microgram Quantities of Fission- 
able U235 Surface Contamination (to 0.00000000! Gram). 
The largest internal chamber proportional counter ever made is success 
fully used to determine surface activity from fissionable materials on 
flat-plate type and ribbon type fuel elements. 


1960 ATOMFAIR — WEST 

Visit our display at the 1960 Western Atomic 
Industry Fair .. . Booths 311-312, Masonic 
Memorial Temple, San Francisco, California, 
December 12 to 15. 


with every quality control test de- 
veloped for the nuclear fuel industry. 
And we have created and used new 
tests and control equipment for our 
customers’ special requirements. In 
addition, complete records are main- 
tained for quality assurance of the 
final product. 

Quality control services include: 

Analytical Testing using emission 
spectrographic, x-ray spectrographic, 
chemical analysis and gas analysis 
testing equipment. 

Metallurgical Testing using metal- 
lography, physical testing, and pho- 
tographic techniques. 

Non-destructive Testing including 
eddy current, ultrasonic, immersion 
ultrasonic, and helium leak test; as 
well as surface activity measurement 
and corrosion-tested sub-assembly 
surface checks by panoramic camera. 

Dimensional Measurement using 
gauges developed, calibrated and 
maintained by our gauge laboratory. 

Our services are available for the 
development and manufacture of 
quality fuel and core components for 
projects, large or small. 


Requirement: Impurity analysis in the parts 
per million range. Optical spectrograph used 
in the quantitative and qualitative analysis of 
alloying and trace elements in all metals used 
in the final product. 


Requirement: Dimensional Accuracy of 
Fuel Plate Assemblies to .001 Inch. Custom 
equipment to check and auto-record water chan- 
nel spacing of fuel plate assemblies. Close di- # 
mensional accuracy of the fuel plates is carried 
through to the fuel assembly to assure the quol- 
ity of the finished product. 
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Of News and Newsmen 
Definitely the best-read section of our 
magazine is the yellow-page news sec- 
tion (we used to call it Roundup, we 
now call it News of the Month, but 
we are only too aware that no matter 
what we choose to call it, to you readers 
it is ‘the yellow pages”). We 
thought we would tell you something 
of the men who stand ‘behind those 
the news staff of 
that same news 
responsible for NUCLEONICS 
our lusty 32-week-old weekly 
we will inevitably 
be telling about that operation too. 
There are three men on our news 
staffi—John Kenton, Bob Adamson, 
and Jon Lambert—aided and abetted 
by Peggy Jackson, who serves as their 
“Gal Friday.”’ Kenton and Adamson 
should be known to you, from previous 
appearance on this page and from their 
wide contacts in the nuclear industry. 
Jon Lambert is new; he has been with 
us for just two months (previously he 
was a reporter for the Hartford Times 


pages each month 
NUCLEONICS. Since 
staff is 
WEEK 

six-page newsletter 


and before that ran a charter boat in 
the Caribbean, but that is another and 
longer story). 

Kenton has the responsibility for our 
weekly newsletter, NUCLEONICS WEEK. * 
Adamson’s responsibility is NUCLEONICS 
News of the Month, the “yellow pages”’ 
of which we spoke before. Of course 
all three news editors contribute to both 
of these publications, as we said above, 
but the lines of responsibility are as we 
indicated. 


* Subscription price is $75 per year to 
domestic NUCLEONICS subscribers—recog- 
nized to be the best buy in the nuclear indus- 
try ... If you haven't seen a copy, we 
will be glad to send four samples. Write to 
Publisher, NUCLEONICS WEEK, 330 West 
42nd St., New York 36, N. Y. 


Our own news staff is backed up by 
the superb capabilities of McGraw-Hill 
World News, next after the New York 
Times and Time-Life International the 
country’s largest private news service. 
We have listed on our masthead just 
some of the 223 correspondents in 66 
cities all over the world who feed infor- 
mation on nuclear developments to our 
news staff. Thus, our three men stand 
on the shoulders of dozens of others who 
help make this the most complete net- 
work for gathering nuclear news in the 
world. 

Whether it is in Bombay or at the 
American Nuclear Society meeting at 
San Francisco, whether it is at Oak 
Ridge or under the ice in Greenland 
(see story in this month’s yellow pages) 
our news staff is on the spot to report 
the news as accurately and as promptly 
as it can. We are proud of our enter- 
prising, knowledgeable newsmen. We 
know you value the news they bring 
you—they value your help in providing 
them with news. 


Neutrons From Electricity 

It is marvelous, when you stop to think 
about it, that electronuclear machines 
can convert amps and volts into protons 
and neutrons. The wonder of it all is 
nowhere more apparent than when you 
consider some of the smaller tubes de- 
for neutron generation. A 
package little more than 3 in. dia. and 
12 in. long, suitably powered can make 
up to 10° neutrons per second. To- 
morrow’s tubes will be doing 10'° at 
This important tool for activa- 
tion analysis, oil-well logging, reactor- 
physics research, and your next piece 
of neutron physics is the subject of a 
fifteen-page report in this issue. Don’t 
miss it, starting on p. 64. 


veloped 


least. 


-The Editors 
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Direct Energy Conversion 


Purity of Materials and Precise Measurement are Keys to Progress 


Present state of the art in thermoelectric power generators 
uses materials which operate between room temperature and 
500°C. Vapor-filled thermionic converters promise operation 
in the 1000-2400°C range. Needed are high temperature 
materials to fill the gap from the point of the present state 
of art in thermoelectric materials to where thermionic con- 
verters take over. 

In the Energy Conversion Research and Development 
Laboratory of The Martin Company’s Nuclear Division, 
materials are being investigated which fill the gap between 
500° and 1000°C, have good mechanical strength, and can 
operate in ordinary atmospheres. The materials include 
silicide compounds composed of abundant elements, thus 
giving promise of lower-cost thermoelectric materials. 

Important in the quest for thermoelectric materials with 
optimum properties is refining, often to a very high degree. 
At Martin, this is being achieved by use of zone-melting 
techniques, resulting in materials of greater initial purity. 

Also of paramount importance in the evaluation of ther- 
moelectric materials is the accurate measurement of funda- 
mental properties—Seebeck coefficient, resistivity, thermal 
conductivity and Hall effect coefficient. Martin scientists 
have devised new techniques in carrying out these measure- 
ments to accuracies within one to five percent of official 


standards in the range from room temperature up to 
1100-1200°C. 

Accurate measurement is equally important in thermionic 
studies. At Martin, techniques permit precise measurements 
of vapor pressure, temperatures and work functions of emit- 
ters and collectors under different operating conditions, as 
well as the evaluation of ion currents in the plasma and 
other properties. 

Top scientists at the Martin laboratory, headed by Dr. 
Mostafa E. Talaat, are also developing other techniques 
which will make maximum use of the capabilities of present 
and future thermoelectric materials. In thermionics, a unique 
series of investigations promises to lead to a long-life vapor- 
filled converter which can be used for space applications 
requiring high temperature heat sink and ease of vapor 
temperature control. In magnetohydrodynamics, techniques 
are being pursued which may lead to extended operation 
of MHD generators at temperatures compatible with avail- 
able containment materials. 

Work at the Energy Conversion Laboratory is an impor- 
tant part of a broad program at Martin in the field of direct 
energy conversion. It ranges from the understanding of basic 
properties to demonstration devices to the manufacture of 
components and complete systems. 


MEASUREMENT OF THERMAL CONDUCTIVITY—To assure precision in evaluating samples, 


Martin scientists use heat sources and heat sinks of relatively large area. 


The sample itself (black 


segment) is placed between two standards as a double check of accuracy and surrounded with insu- 
lating material before being inserted into a high-temperature oven. 
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‘NUCLEAR REACTIONS 


| Reactor Site Surveys 


DEAR Sir: 


W. B. Harris and H. J. Dunster; in 


| their articles ‘Examining the Value of 
| Reactor Site Environmental Surveys” 


(NU, August, 1960, pp. 66 and 67), 
both conclude that routine environ- 
mental radiation surveys fulfill no use- 
The articles give the im- 
pression that the views expressed by the 
representative of opinion 
on this subject in their respective 
countries. 

In the United States, routine reactor- 
site surveys have been undertaken, or 
are planned, by several groups, includ- 


ing the following: 


Argonne National Laboratory 
Brookhaven National Laboratory 
Commonwealth Edison (Duquesne 
Nuclear Power Station) 
Consolidated (Indian 
Nuclear Power Plant) 
Consumers Power (Big Rock Point 
Plant) 
Duquesne Power and Light (Ship- 
pingport Nuclear Power Plant) 
E. I. DuPont de Nemours (Savannah 


Edison Point 


tiver Project) 
General Electric (Hanford 
Products Operation) 
National Aeronautical and 
Authority (Plum Brook Reactor) 
Power Reactor Development Com- 
pany (Enrico Fermi Atomic Power 
Plant) 


Atomic 


Space 


not required by 
The deci- 


have 


Such surveys are 
regulation. 
them 


individuals of 


governmental 


sions to undertake been 


made by groups and 
proven technical competence and fiscal 
responsibility. We would simply like 
to point out that there exists a substan- 
tial body of opinion contrary to that 
expressed by Harris and Dunster. 
We also wish to emphasize that the 
primary justification for a continuing 
environmental survey is in no way re- 
lated to the likelihood or oceurrence of 
a major nuclear incident. Any indus- 
trial concern whose routine operations 
entail the release of potentially hazard- 
ous materials, even in minute quanti- 
ties, is faced with the legal and moral 


responsibility of evaluating as best it 


can the impact of those materials upon 
the environment. The point of inter- 
est in this regard is the environment, 
where foods are grown and where peo- 
ple live, not the point of release. 





As Harris and Dunster have pointed 
out, precise determination of changes 
in environmental radioactivity levels 
due to reactor operation is difficult. 
Complete solutions to the technical and 
statistical problems inherent in measur- 
ing the effect of a reactor upon its en- 
virons will require continuing research 
effort. A survey must be designed not 
simply to collect data but to collect 
data of such kinds and in such ways 
that these data can be subjected to 
rigorous procedures and 
yield meaningful conclusions. 

Routine environmental surveys serve 


analytical 


the following general purposes: 

1. Providing information on public 
exposure to environmental radioac- 
tivity. 

2. Satisfying in part the legal re- 
sponsibilities of a plant operator to 
exercise due care. 

3. Satisfying the operator’s moral 
responsibility to evaluate possible 
effects of his facility upon the health 
and safety of the community. 

Failure to provide this minimum 
knowledge of the effects of a reactor 
upon its environment is, in our opinion, 
legally and morally indefensible. 

—ALBERT P. KENNEKE, 

Joun V. Nenemias, G. Hoyt WHIPPLE 
School of Public Health 

The University of Michigan 

Ann Arbor, Michigan 


Dear Sir: 


Messrs. Kenneke, Nehemias and 
Whipple indicate in their letter that, 
inasmuch as ten reactor operators have 
performed routine site surveys, their 
performance can be justified on this 
basis. 

It is my belief that careful second 
thoughts by these groups would indi- 
cate that the type of survey which they 
have performed or are planning to per- 
form will yield relatively little useful 
information. The cost of 
such a program, assuming that only 
gross §-y analyses are performed, would 
be about $50,000/yr. If analyses for 
other isotopes are included, this could 
run to as high as $150,000. As is 
pointed out in the original article, the 
usefulness of these data is very 
questionable. 

The authors of the letter further 
state: “Any industrial concern whose 
routine operations entail the release of 
potentially hazardous materials . . . is 
faced with the legal and moral responsi- 
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NO OTHER MATERIAL 
HAS SO MANY USEFUL 
NUCLEAR PROPERTIES 


@ EXCELLENT STRUCTURAL MATERIAL 
@ RESISTS CORROSION 

@ RESISTS THERMAL SHOCK 

@ EASILY FABRICATED 

@ HIGH MODERATING QUALITIES 


@ STRENGTH INCREASES WITH 
TEMPERATURE RISE 





PRECISELY MACHINED GRAPHITE 
FOR THERMAL COLUMNS 





Photo shows inner wall of an 11 foot 
long graphite thermal column. 
Graphite was chosen for this installa- 
tion because it is an excellent moder- 
ator of neutrons with low capture 
cross section. 

This wall has 30 major blocks; the 
other 4 walls have 144 accurately 
machined blocks each. In all, 1300 
precision machined graphite pieces 
are included in this thermal column. 
Close tolerances were held in ma- 
chining each piece. 








Many Universities are now using 


Graphite Moderated Training Reactors 


ie Ja 


Dr. E. F. Leonard, director of Laboratory Work for Columbia University, inserting a 
neutron source of plutonium-beryllium obtained from the Atomic Energy Commission. 


A recently conducted survey shows 
that many universities throughout 
the country are using graphite ex- 
ponential piles for training the sorely 
needed nuclear engineers of tomor- 
row. The survey also points out some 
of the advantages associated with 
graphite which are not found in other 
types of subcritical piles. 

Graphite offers longer neutron dif- 
fusion (approximately 50 cm) and 
permits wider fuel rod spacing to 
assure accurate flux measurements. 
Also flux distortions are easily de- 
termined in graphite piles. 

The structural and machineability 
features of graphite permit students 
to design and construct the pile. 
There are abundant experimental 
data and procedure history available 
on graphite (it’s the oldest type of sub- 
critical reactor) which permit more 


‘‘National’’ and ‘‘Union Carbide’’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 


time for advanced experiments rather 
than basic fundamental experimenta- 
tion. 

A graphite pile also offers con- 
siderable flexibility. It is easy to 
change configuration, to introduce 
voids, to accurately position samples, 
and the pile can be operated as either 
a bare or reflected system. 


Dr. T. J. Thompson, professor of Nuclear Engi- 
neering at M.I.T., removing a plutonium-beryllium 
neutron source from the subcritical nuclear 
reactor. 
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UNIQUE... 


simple and versatile underwater manipulation 


Central Research Laboratories’ 
model B 
canal manipulator 


If your operation has required grappling and 
fishing at the bottom of a canal or pool, Central 
Research Laboratories’ Model B Canal Manipu 
lator may be the new tool for you. Master-Slave 
Manipulator type ambidextrous handle, wrist 
joints, and tongs are coupled by alloy tapes pass- 
ing through a cross-over housing and long vertical 
tube. This makes possible dexterous underwater 
manipulation. All submerged components are 
stainless steel for maximum corrosion resistance. 


Wrist Joint and Tong Motions 


The wide range of wrist-joint and tong motions 
insures deft and adroit handling of large and 
small objects. Squeeze motion is 3!. inches with 
an elevation rotation of 168° going from 38° back 
of vertical to 40° above horizontal. Twist rotation 
is 360° minimum at ends of elevation range, 720 
when the tong is pointed 45° downward. 

Azimuth rotation and X, Y, and Z translations 
are provided by gross movement of the vertical 
support tube. A constant force spring suspension 
supports the manipulator in the canal or pool. 

For further versatility, the Model B Canal 
Manipulator may be equipped with standard or 
special purpose interchangeable tongs of either 
the RCD-447-100 or SRL-IIA type. Vertical 
tubes of desired length are available to meet 


most requirements 


CENTRAL RESEARCH... 
MANIPULATORS FOR EVERY NEED 


Modei 8 
eneral Pury 
And Heavy Duty 

Thru- Wall 


tallation 


Model 7 


Restricted Space Installatio 
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New top for the Shipp 


By the Ohio River at Shippingport, Pa., the Uni 
station atomic power plant devoted exclusively t« 
erate electricity for the Pittsburgh district. In ope 
reactor core received its second “‘seed”’ fuel early tl 
is a joint project of the Duquesne Light Company an 
The nuclear portion of Shippingport was designe 
under the direction of and in technical cooperation 
of the Atomic Energy Commission. The work was 
Laboratory which Westinghouse operates for the 
U. S. Steel’s Homestead Plant is supplying t 
assembly needed to accommodate a new and high 
the Bettis Laboratory for Shippingport. As furnis 
81 tons—and every ounce of these USS Quality 
machined and tested to meet the most rigid speci 
The reactor’s new closure-head assembly for Cor 
head flange. The largest piece—the head flange 
highest degree of quality from the start, it was 
Ni-Cr-Mo alloy steel, then teemed into a 180-to1 
casting facilities. After top and bottom discard, i 
then it was upset to 60” in height. Next a 30” hole 
mandrel forging. This hole was later opened up 
forging bar. At this point the ring was flattened t« 
in the center and the ring was mandrel-forged to i 
diameter, 98” interior diameter, and 421%” high, 
then weighed 83!4 tons and was ready for heat tre 
Final machining reduced the flange’s shipping wei; 
The torus, or “transition ring,’ was manufactu 
in the same careful, expert manner. It weighs 23 t 
The dome is hollowed out on the inside and has ¢ 
middle. This hole will provide a refueling port; s 
mechanisms will be bored later. The dome was ma 
mill with the aid of an electronic contouring machine. 
Dome, torus and flange were painstakingly teste 
way. Tests included ultrasonic inspection, tangenti 
impact tests, grain size tests, bend tests and magn 
U.S. Steel has the capacity, the men, and the eq 
forgings like these, whether they be rings, flanges, d 
other such nuclear and power plant components. Ar 
ment will be working on your order. For a free fc 


write United States Steel, 525 William Penn Plac 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Steel — San Francisco 
Tennessee Coal & lron—Fairfield, Alabama 
United States Steel Export Company 


United States Steel 





s made of modern, dependable Steel 


pingport reactor 


United States’ first full-scale central 
sly to civilian needs continues to gen- 
1 operation since 1957, Shippingport’s 
ly this year. The pioneer atomic plant 
1y and the Atomic Energy Commission. 
igned and developed by Westinghouse 
ition with the Naval Reactors Branch 
was done at the Bettis Atomic Power 
the AEC. 
the forgings for the closure-head 
1igher power core being developed by 
irnished, the 3-piece assembly weighs 
lity Forgings have been cast, forged, 
pecifications 
Core 2 consists of a dome, torus, and 
nge—weighs 41 tons. To insure the 
was electric-furnace melted from a 
)-ton ingot in U. S. Steel’s vacuum- 
rd, it was forged to an 85” octagon; 


hole was punched in it to provide for 


up to take a 36”, and finally a 54’ 


ed to 43”, the bar was again inserted 
to its final dimensions— 159” overall 
igh, as shown in the big picture. It 
treating and preliminary machining. 
weight to 41 tons 
actured from the same grade of steel 
23 tons after final machining. 
1as a relatively small hole through its 
t; separate openings for control rod 
machined on our 20’ vertical boring 
ine. Final weight of the dome: 17 tons 
ested and inspec ted every step ol the 
rential tension tests, Charpy V notch 
1agnetic particle inspection. 
1e equipment to manufacture quality 
3, domes, pressurizers, tube sheets or 
s. And the very same men and equip- 
ee folder on USS Nuclear Forgings, 
Place, Pittsburgh 30, Pennsylvania. 


egistered 


top to botton 


ched 
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Since the three parts of this reactor vessel head—dome, 
torus and flange—will be welded into a single unit, there 
can be no allowance for failure. Every square inch of 
these three USS Quality Forgings were painstakingly 
manufactured and carefully inspected during and after 
the manufacturing process to assure perfection. The 
men, the forging facilities and the inspection equipment 
are available to you if you need forgings that must be 
as close to perfection as we can make them. 
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orrow’s weather report will be clear and dependable 


YKS TO WEATHER SATELLITES SUPPLIED WITH AUXILIARY POWER BY COMPACT NUCLEAR 
TORS, meteorologists will be able to make far more accurate forecasts in the not too 
nt future. By orbiting advanced weather satellites for extended periods of time, fore- 
rs could secure a steady stream of information about changes in the upper atmos- 
. of the earth. To give these satellites, and ether space vehicles, long periods of 
ilness, Atomics International is today developing compact nuclear reactors which 
yrovide a lightweight, reliable source of electricity for as long as a year, yet will never 
maintenance. At Atomics International there are many other equally challenging 
ar projects underway. You are invited to share in this important work. 


Immediate opportunities are available in: 


SS ANALYSIS. Degree plus five or more 
of experience either in thermal stress or 
nic stress resulting from shock and vibra- 
ads in aircraft structures. Responsibilities 
ntail design support for compact nuclear 
-.plants for space applications, including 
v of all designs with respect to stresses re- 
ge from thermo gradients and transients, 
loadings, vibrational and shock loadings. 
‘ ANALYSIS. Core analysis of compact re- 
including both core statics (criticality, 
ivity coefficients, control statics) and 
ity analysis (core transients, amplitude 
nse, interpretation OI Os¢ illator and noise 
irements ). 
LDING ANALYSIS. Analysis of thin shield 


ns using high speed computers. Proposal 


ATOMICS INTERNATIONAL 


of experiments to substantiate calculations and 
analysis of test results. Degree and three to five 
years experience required including an under- 
standing of Monte Carlo methods. 
THERMOELECTRIC. Electrical engineer with 
one or more years experience in the development 
of thermoelectric equipment to originate and 
develop advanced, light weight thermoelectric 
equipment for use with compact nuclear power 
plants for space and other mobile applications. 
HEAT TRANSFER. Senior engineer to be re- 
sponsible for system engineering studies on the 
thermal, hydraulic and thermodynamic perform- 
ance of compact power reactor systems. 

For specific details write: Mr.C. Ml. Newton, 
Personnel Office, Atomics International, — 

8900 DeSoto Avenue, Canoga Park, Calif. 
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Need High Power 
RF Units in a Hurry? 


Perhaps RCA can supply 
your needs from stock 
items available for 
immediate delivery 
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RCA carries in stock many different 
types of radio transmitters. Although 
designed primarily for broadcasting, 
television and communications use, 
these equipments can be easily 
adapted for any purpose requiring 
radio-frequency power. Manufac- 
tured in quantity they are reasonable 
in price. Shipment is immediate! 


Units in stock eover the frequency 
range from 500 kilocycles to 1000 
megacycles—provide power outputs 
from one watt to 50,000 watts. Larger 
powers (up to 500,000 watts) can 
be obtained by paralleling units. 
Pulsing or modulation can be pro- 
vided as needed. 


Where units of other powers or fre- 
quencies are required—or where re- 
quirements of a very specialized 
nature must be met— RCA engineers 
have the know-how and experience 
to custom-build to your specifica- 
tions. Recent projects include appli- 
cations in the fields of fusion power, 
particle acceleration, ion propulsion, 
plasma heating, propagation studies 
and satellite tracking. 


Whether your requirements 
can be filled by off-the- 
shelf items or by custom 
building, you can benefit 
from RCA’s broad experi- 
ence. Write to RCA, High 
Power Electronics and 
Nucleonics, Dept. O88 
Building 15-1, Camden, N.J. 


The Most Trusted Name 
in Electronics 


RADIO CORPORATION OF AMERICA 





(Above) New Model DS-303 Scintilla- 
tion Well Detector has three inch crystal 
with well 1%” in diameter to permit 
use of 25 mm diameter test tubes with 
sample volumes up to 20 mi. 


(Above) New Model 1710 is a sturdy, 


compact, and versatile Clinical Stand | 


for holding as many as three scintillation 
detectors and a variety of radiation 
measuring instruments. 


(Above) New Model C120 Automatic 
Sample Changer for scintillation well 
detectors accepts up to 49 test tubes 
holding gamma emitting liquid or solid 
samples, lowers them sequentially into 
well detector for measurement. 


Model 4000 Nuclear Training System is ideal 
for laboratory studies or classroom demonstra- 
tions on the uses of radioisotopes in chemistry, 
biology, physics, and medicine. 


Model 6000 Dynacon Electrometer 
measures beta radiation in solid, liquid, 
or gaseous phase samples. It is ideal 
for use in continuous flow analysis. 


Model C100B Actigraph Il permits con- 
tinuous automatic scanning of 50 ft. strip 
radiochromatograms—offers variety of 
speeds synchronized with chart recorder. 


Nuclear-¢ thicago offers worlds most complete line 


for RESEARCH— 


Instruments and Accessories ‘ 


RADIOCHEMICALS 


Hundreds of C-14, S-35, P-32 and 
tritium labelled radiocompounds. 
A wide variety of radioactive 
reagents for nuclear experiments 
in chemistry and biology available 
in radio-nuclide sets. 


2} eg om eo). 


Full line of G-M detectors including 
end window, side window, and 
dipping types. Shielded or ex- 
posed crystal scintillation detectors. 
Window or windowless gas flow 
detector. BF; tubes. 


RATEMETERS 


Meter and/or aural indication; 
wide choice of ranges. Portable 


SCALERS 


A complete line of decade, bin- 
ary, and portable scalers with 
one or five microsecond re- end laboratory models ayail- 
sponse. Input sensitivities for able for G-M and scintillation 
G-M scintillation, or propor- detectors. 

tional detectors. 





(Above) Model 9000 Nuclear Training Reactor is a complete 
subcritical assembly for nuclear education—the ideal nucleus 
for a college engineering, physics, or chemistry laboratory. 


Model C1II0B Automatic Sample Changer accepts 
up to 35 solid beta emitting samples for automatic 
analysis. It may be used with window or windowless 
gas-flow detectors and end-window G-M Tubes. 


of quality nuclear instrumentation 


INDUSTRY—EDUCATION—MEDICINE 


PORTABLES 


Portable end or side window G-M de- 
tectors. lonization chamber survey meters 
with choice of chambers for high or low 
activity measurements plus an integrat- 
ing chamber for dose determination. 
Alpha end neutron sensitive portables, 


(Above) Model 1700A Isotope Scanner 
is an ideal clinical system for determining 
the size, shape, and extent of any radio- 
active accumulation in the body. It may 
be used with scintillation detectors weigh- 
ing up to 125 Ibs. 
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Nuclear-Chicago accessories for the 
radioisotope laboratory include timers, 
absorber sets, sample preparation de- 
vices, film badges, dosimeters, shielding, 
radiation sources, standards, nuclear 
training devices, recorders. 


New Model C11 5‘Automatic Sample Changer has a back- 
ground of only 2 counts per minute. High beta sensi- 
tivity is achieved with unique “guard” counter and new 
gas flow detector with exclusive Micromil® window. 


nuclear-chicago 


Nuclear-Chicago Corporation 
offers the world’s largest sales and 
service organization devoted purely 
to the needs of the radioisotope 
user. Nuclear-Chicago sales engi- 
neers and service men throughout 
the world are qualified through 
extensive training to assist in the 
planning and building of radioiso- 
tope units in research, industry, 
education, and medicine. 


SERVICE 4 





ALCO COMPONENTS 


IN THE PM-2A: 

1. Primary skid (reactor 
vessel, core-support 
structure, handling 
tools, primary shield, 
steam generator, 
pressurizer, control- 
rod drives, vapor 
container); 

2. Feedwater package; 
7. Heat-exchanger 
package; 8. Air-blast 
coolers. Other 
components: 3. Control 
center; 4. Switchgear; 
5. Turbine-generator; 
6, Condenser. 





WORLD'S FIRST MODULAR 
NUCLEAR POWER PLANT 


Latest product of ALCO’s nuclear capability 


The world’s first modular nuclear power 
plant has now been installed in the ice cap 
at Camp Century, Greenland, by Army en- 
gineers. Designated PM-2A, the plant will 
provide 1580 net ekw to the camp’s-electri- 
cal distribution system, and 1,000,000 
Btu/hr for heating and other purposes. 

The PM-2A was designed and developed 
by ALco Products, Inc., and 9 of the 13 
modules were prefabricated in six ALCO 
plants across the U. S. This unique skid- 
mount construction not only made it pos- 
sible to meet low package weights, but also 
permitted complete installation during one 
short Arctic summer. 

The extremely small size and portability 
of PM-2A are evidence of ALCO’s creative 
design and/or fabrication of all its com- 
ponents—a capability which ALco has dem- 
onstrated many times in designing and 
building nuclear components for 9 out of 10 
major U. S. reactors. 

This same nuclear capability is ready to 
serve you. For complete information on 
PM-2A and other ALco nuclear projects, 
contact ALCO Products, Inc., Dept. 144, 
Schenectady 5, N. Y. 


NUCLEAR PLANTS 
[avco EES 











The Maharajah of Mygosh, 
one of the world’s wealthiest men, 
reads while riding an elephant. 


“It gives my brain a real jog,” he says. But elephants are expensive, and 
eat a lot. Besides, all that your engineers and managers really need, to do 
more business reading, is an encouraging word from you. Remember, a 
good place to read is a good place to think...and if you pay engineers 
and managers to think, encourage them to do more reading. Like so many 
successful men who read their “most useful’ McGraw-Hill publications, 
they’ll find the best place ... home or plant, office or hammock. But wher- 
ever they read, remember, you share in the rewards. * 


*Yes, when they read, 

you profit, too. Write on 

your business letterhead for 

a@ personal copy of booklet, 
“The McGraw-Hill Engineered 
Reading Program.” 


of 
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Maximum shield efficiency: 
FEDERATED INTERLOCKING* 


LEAD BRICKS 


With Federated’s unique interlocking bricks, there’s no 
need to order extra thickness to safeguard against leak- 
age. Because of the unique design of the bricks, any 
Gamma rays that penetrate the first angle of a Federated 
interlocking joint will strike an equal or even greater 
depth of lead than the straight thickness of the wall! Get 
a full inch of protection for every inch of lead you buy; 
specify FEDERATED INTERLOCKING BRICKS. Federated 
also stocks many sizes of lead containers for handling 
materials with a wide range of radioactive intensities. 
For information about standard and special shapes of 
shielding lead, lead castings, lead-filled vessels and 
containers, write or call: Federated Metals Division, 
American Smelting and Refining Co., 120 Broadway, 


N. Y. 5, or your nearest Federated sales office. 


Where to call for information: 


ALTON, ILLINOIS 
Ailton: Howard 5-2511 
St. Louis: Jackson 4-4040 


BALTIMORE, MARYLAND 
Orleans 5-2400 


BIRMINGHAM, ALA 
Fairfax 2-1802 


BOSTON 16, MASS 
Liberty 2-0797 


CHICAGO, ILL. (WHITING) 


Chicago: Essex 5-5000 
Whiting: Whiting 826 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


*Patent Pending 


LOS ANGELES 23, CALIF. 
Angelus 8-4291 
MILWAUKEE 10, WIS 
Hilltop 5-7430 
MINNEAPOLIS, MINN 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 
PHILADELPHIA 3, PENNA 
Locust 7-5129 
PITTSBURGH 24, PENNA 
Museum 2-2410 


ANVdWOD ONINISASY ONY ONILISWS NYOINaWY 


OOUYSY ae 


PORTLAND 9, OREGON 
Capitol 7-1404 
ROCHESTER 4, NEW YORK 
Locust 5250 

ST. LOUIS, MISSOURI 
Jackson 4-4040 

SALT LAKE CITY 1, UTAH 
Empire 4-3601 


SAN FRANCISCO 24, CALIF. 


Atwater 2-3340 


SEATTLE 4, WASHINGTON 
Main 3-7160 


ERATED METALS DIVISION 


WHITING, IND. (CHICAGO) 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd. 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone: 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 








Employment opportunities exist at NDA on current 
and prospective contracts involving theoretical, 
experimental, design and fabrication efforts on: 
Reactors for Propulsion, Research and Radiation 
Effects /Uranium, Thorium and Plutonium Fuels / 
Molten, Boiling, Gaseous and Liquid Reactor 
Coolants / Thermal, Epithermal and Fast Neutron 
Systems. /nformation about employment is available 
from Dave Keller, Director of Personnel. 


IN| D, I-\ NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


WHITE PLAINS, N. Y. TEL. WH 8-5800 / NDA EUROPE 31, RUE DE MARAIS, BRUSSELS, BELGIUM 
22 December, 1960 - NUCLEONICS 








Fuels Reprocessing: Will Davison Build First Private Plant? 


For approximately six years AEC has encouraged—without wavering 
—the establishment through private investment of a reprocessing in- 
dustry for nuclear fuels. To eliminate some of the economic uncertainty 
of such a business venture—until a growing reactor industry assured an 


adequate commercial business— 
AEC offered to make government 
spent fuels available at reasonable 
terms and prices. More recently, 
AEC has held up plans for expanding 
its own reprocessing capacity to give 
industry every chance to schedule 
private capacity. 

Last month, private industry was 
as close as it has ever been to taking 
up the AEC invitation to enter the 
reprocessing field. Davison Chem- 
ical div. of W. R. Grace & Co. was 
ready to make the move and build a 
300-ton/yr reprocessing plant some- 
where in the East suviled at least 
200 tons/yr in load commitments 
were forthcoming from industry and 
AEC. Whether Davison would pro- 
ceed was still a question late last 
month—primarily because two mem- 
bers of the five-utility Industrial 
Group said they were 
port the Davison 
venture (estimate lant cost to 
Davison: $25-million). The two, 
Commonwealth Edison and Yankee 
Atomic Electric, decided against the 
next step proposed by Davison: Prep- 
aration of a detailed engineering 
sign study (to cost about $500,000) 
by Bechtel Corp. to arrive at . 

slant. 
ties 


pon pose 
not yet ready to su 


anteed capital costs of the 
The three remaining IRGC utilities, 
Consolidated Edison, Northern States 
Power and Detroit Edison, appeared 
willing to make the n 
commitments, with Detroit Edison 
employing a consultant to further 
explore its possible participation. 

In attempting to round out a mini- 
mum load commitment of 200 tons/ 
yr, Davison has invited other utilities, 
as well as Westinghouse Electric and 
General Electric, to take up the slack 
left by Commonwealth and Yankee. 
The obvious advantage to Westing- 
house and GE would be the oppor- 
tunity to offer their reactor customers 
a fabrication-to-reprocessing fuel serv- 
ice; however, there are real obstacles 
to their participation, including the 
possibility that GE, at least, might 
want to build its own reprocessing 
capacity. 

At an Oct. 27 meeting at AEC 
headquarters, Germantown, Méad., 
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AEC gave an informal commitment to 
Davison for turning over spent fuel 
rods from government reactors—some 
50-75 tons/yr—if this load were re- 
uired to fill out a 200-ton/yr sched- 
e and permit Davison to go ahead 
with the project. Under AEC con- 
tracting policy, it would be necessary 
to determine that the Davison service 
was being offered at reasonable 
rices. If others entered the field at 
ter dates, government reprocessing 
business d then have to be let 
under a bidding. 
Meanwhile, AEC continues to give 
assurance to all reactor operators that 
their reprocessing requirements will 
be met in AEC facilities at firm prices 
through June 30, 1967, if no private 
facilities were built. AEC prices 
would be subject only to straight-line 
escalation of its full-cost-recovery 
pricing index. All reprocessing con- 
tracts would be subject to termination 
on 12 months’ notice at AEC’s option, 
once AEC determined that equal 
services were available commercially 
at reasonable prices. 


IRG Study 

The IRG study recommended a 
plant with a one-ton-per-day capacity, 
operating 300 days per year. It was 
determined that a 200-day annual 
work load would sustain the plant's 
operation, however, at prices warrant- 
ing operation of the plant. The 
study called for 150 reprocessing days 
to come from the utilities, on the basis 
of signed take-or-pay (commitment 
to pay for a certain load, whether 

or not) contracts, and an antic- 
ipated 50 to 75 days from AEC. 
Size of the small, compact plant as 
conceived in the early sketches b 
Bechtel, would be about 15,000 “a2 
(see drawing). It would be capa 
of processing all the power-reactor 
fuels of current interest. — the 
8- to 4-month engineering design 
period by Bechtel (to whieh taah in- 
dustry sponsor would contribute 
$100,000) and an award of a facility 
construction permit from AEC, con- 
struction start would come in January, 
1962 and completion in January, 
1964. 

Commonwealth and Yankee (only 
two IRG utilities actually operating 
reactors) based their withdrawal from 
the IRG proposal on dissatisfaction 
with the economics of the proposed 


AEC reverses Los Angeles decision, selects Allis 

AEC announced last month the selection of Allis-Chalmers, sub- 
ject to final negotiation of a contract, to build the 50-Mwe Im- 
proved-cycle Boiling-water Reactor in Los Angeles, Calif. (NU, 
Oct. ’60, 23). The reactor is to be operated by the Los Angeles 
Dept. of Water and Power and the Pasadena Municipal Light & 
Power dept. AEC this reversed its earlier decision to give the 
contract to General Electric (the proposed contract with GE had 
been sent to the Joint Committee on Atomic Energy for final 
review, then withdrawn after AEC’s attention was called to arith- 
metical errors which affected the bid prices). Allis-Chalmers had 
contended that its original bid was $1-million less than GE’s. 
Final reactor price is $}0.7-million. 

Aside from the price <jvestion, AEC had said it favored the GE 
reactor because of its internal-steam-separation feature; on recon- 
sideration, however, AN-decided that this feature was not neces- 
sary, according to AEC spokesmen. AEC must still complete 
negotiation of its cooperative arrangement with LADWP and 
Pasadena, under which they will provide the site (Haskell Canyon, 
Los Angeles), turbo-generator and operation for at least five years 
(buying the steam from AEC). Completion target is early 1964. 
AEC has submitted the basic contractual arrangements for JCAE 
review, which may not be completed until February. 
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plant as determined by present tech- 
nology. By comparison to AEC 
reprocessing prices, the proposed IRG 
ee were said to be 20 per cent 
igher but about the same under 
certain conditions. The two utilities 
recommended a two-year delay in 
building the plant for purposes of 
accumulating a stockpile of spent fuel 
rods. The importance of an assured 
load factor was that it would prevent 
increases in unit costs. If the three 
IRG reactors still building were de- 
layed, Commonwealth and Yankee 
officials reasoned, load factors would 
decrease and daily reprocessing unit 
costs would rise substantially. 

Commonweath indicated a_pref- 
erence for signing the model reproces- 
sing contract presently offered by 
AEC. AEC charges per day based on 
an assumed plant of nominal one-ton 
per day capacity and straight line 
escalation, are: Original base—$15,- 
300; July, 60—$16,850; 1968—$19,- 
950. As an index, the processing 
load from Dresden would be: 1962— 
19 tons; 64—19; "65—42.2; "*66— 
23.6; "67—23.6; "68—47.2; ’69—23.6; 
’"70—-23.6. Commonwealth told Nv- 
CLEONICS: 

“The capital cost of the plant is 
estimated to be $20—23-million, in- 
stead of the $12-15-million originally 
estimated. In addition, when we 
began to figure the reprocessing load 
involved, we saw how important the 
load factor was. If one reactor were 
delayed, it would have a great effect 


DAVISON AND BECHTEL CONCEPTION of a $25-million, 


15,000-sq-ft fuels reprocessing 


plant to be located in the East if Davison gets prior industry and AEC commitments 
equivalent to a minimum of 200 days operation/year 


on the unit cost. We had hoped it 
might be possible to store solid fuels 
for several years, building up a 
stockpile. Then, in building a plant 
at a woh date, we would be able to 
take advantage of technical advances 
and have the benefit of a good load 
factor. Commonwealth’s  contribu- 
tion to the next step in the project 
was to be $100,000 out of about 
$%4-million. We are not ready to 
take this step now.” 


AEC Program 

The Commission will now await 
final disposition of the IRG proposal 
before taking steps on any immediate 
alternative reprocessing program. 
AEC staff recommendations concern- 


Supreme Court Agrees to Review Fermi Case 


population, such as Detroit's, to the 
possibility of a nuclear disaster; and 
2. that AEC must, before issuing a 
construction permit, find a reasonable 
assurance that the reactor, when _ 


The first development resembling a 
victory for AEC and the Power Re- 
actor Development Corp. since three 
labor unions took them to court over 
the Fermi fast-breeder construction 
permit, came last month when the 
U. S. Supreme Court agreed to review 
the June decision of a lower court 
voiding the construction permit (NU, 
July ’60, 21). 

The AEC-PRDC victory was a 
“left-handed” one in that no final ver- 
dict in their favor was rendered. 
Rather, for PRDC it was a move that 
kept their hopes alive after two ad- 
verse decisions of the U. S. Court of 
Appeals for the District of Columbia; 
and for AEC, on behalf of the reactor 
industry, it offered another chance to 
overturn two rather broad conten- 
tions made by the Appeals Court in 
June. 

These were: 1. that Congress in- 
tended in enacting the 1954 Atomic 
Energy Act that “no reactor should, 
without compelling reasons, be lo- 
cated where it will expose” a large 
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into operation, would present no dan- 
ger to the public’s health and safety. 
The AEC-PRDC strategy, as the 
High Court agreed to hear the case 
on these two questions, appeared to 
center on the hope that the Court 
could be persuaded that both of 
these contentions would adversely ef- 
fect this country’s nuclear program— 
as well as the Fermi project—and 
should be thrown out for both legal 
and public policy reasons. The 
unions, on the other hand, seemed to 
be arguing basically that neither 
question was meant to apply to the 
reactor industry as a whole—rather, 
that the Appeals Court was confin- 
ing its opinion to Fermi only. At the 
core of the labor stand was the argu- 
ment that AEC should not have is- 
sued the construction permit for 
Fermi without first finding a reason- 
able assurance of safe operation. 


ing the Commission’s reprocessing 
obligations—if IRG negotiations fail— 
will aim at construction of facilities to 
do the job (including integration of 
research-development programs) at 
minimum costs. Meanwhile, all re- 
processing construction remains sus- 
pended by AEC pending resolution of 
IRG's_ intentions. Re-commissioning 
of the Oak Ridge Thorex facility— 
shut down by a plutonium contamina- 
tion incident last year—was also being 
held up. 

Possible concentration of all proc- 
essing at Savannah River and the 
National Reactor Testing Station, 
Idaho, has been given staff considera- 
tion as an alternative to reprocessing 
at four sites (NU, Feb. 60, 72). 


The case was expected to proceed 
toward a Court decision next year on 
about this schedule: a several-week 
period of negotiation between the 
parties on exactly which geome: of 
the Appeals Court record to place 
before the Supreme Court; printing 
of the record; a several-week period 
for the filing of briefs; and oral argu- 
ment before the Court, probably in 
April. Some time after oral argu- 
ment, the Court will hand down a 
decision which might resolve both 
major questions; or which might re- 
mand the case back to the Appeals 
Court; or might do one of several 
things no one can predict. 

Meanwhile, PRDC has asked AEC 
for permission to extend the comple- 
tion deadline for the Fermi reactor 
by one year—to Dec. 15, 1961— 
though the reactor should be com- 
pleted considerably sooner. Non- 
nuclear testing will be carried out 
through the first few months of 1961, 
then construction work will be com- 
pleted after test equipment is re- 
moved. Fuel loading is scheduled to 
follow immediately, subject to the 
court case and AEC licensing. 
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AEC Advisory Group Urges Federal Boost in Radiation Support 


A 12-man advisory committee to AEC on isotopes and radiation has 
called on the Commission—and on the Congress—to give greater recog- 
nition and financial support to non-reactor or “radiation and radioiso- 
topes” development within the atomic-energy program. The committee 


also urged some basic changes in 
the Isotope Development Program 
at AEC, including less dependence on 
outside proposals for development 
projects and more emphasis on the 
education of potential users of 
radiation. 

The report, signed by a 3-man sub- 
committee of the Advisory Committee 
on Isotopes and Radiation Develop- 
ment, was dated July 29 but came to 
light only recently; the signatories 
were J. F. Black of Esso Research & 
Engineering Co.; H. J. Gomberg of 
the Univ. of Michigan; and J. L. 
Kuranz of Nuclear-Chicago. Other 
committee members are: S. E. Eaton, 
Arthur D. Little, Inc.; T. R. Hogness, 
Univ. of Chicago; Leonard Reiffel, 
Armour Research Foundation; Bernard 
Schweigert, American Meat Institute 
Foundation; Alexander Somerville, 
General Motors; L. S. Taylor, Na- 
tional Bureau of Standards; J. J. 
McMahon, AMF Atomics; H. S. 
Myers, Tracerlab; and E. A. Wiggin, 
Atomic Industrial Forum. Chairman 
of the committee (all such groups 
must by law have government chair- 
men) is Alfonso Tammaro, AEC 
assistant general manager for research 
and industrial development. 

Committee members _ informally 
made it clear the letter was written 
(addressed to Paul Aebersold, director 
of AEC’s Office of Isotope Develop- 
ment) because of longstanding con- 
cern among committee members that 
the importance of radiation to the 
domestic economy and foreign policy 
of the U. S. was not recognized in 
Washington. The primary govern- 
ment program for reg radia- 
tion use is the Isotope Development 
Program, whose current budget of 
$4.25-million is about 1% of the 
AEC’s reactor-development budget. 
Efforts to get more money for IDP, 
committee members complained, have 
been hampered at both AEC and in 
Congress, where the House Appropri- 
ations Committee has been particu- 
larly hard on the program. Some 
members also expressed the need for 
greater interest in radiation by the 
Joint Committee on Atomic Energy. 
The July 29 letter declared: 


Strong Program Needed 


As its primary conclusion, the 
committee recognizes the need for 
a strong program to promote the 
sound use of radiation and radio- 
isotopes. This need has been 
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clouded somewhat by previous over- 
statements on the extent to which the 
benefits of isotope work are being re- 
alized today. Although the potential 
value of isotope and _ radiation 
utilization is large, the present state 
of the art in these fields, particularly 
in radiation, is about equivalent to 
that in the field of nuclear power; and 
the AEC and Congressional attitude 
towards support should be equiva- 
lent. 

“This attitude should recognize the 
need for bringing radiation and radio- 
isotopes to a proper state o§ develop- 
ment parallel with efforts in atomic 
power and commensurate with their 
potential contribution to our economy. 

“The importance of isotope and 
radiation technology to the Atoms- 
for-Peace Program should also be ap- 
preciated more fully by the AEC. 
The undeveloped areas of the world 
will probably have important practi- 
cal applications for radiation and for 
isotopes long before they need atomic 
power plants.” 


Long-range Research 

The committee had several specific 
comments on IDP as it has been con- 
ducted and two additional points 
were made by Esso’s Black, as vice- 
chairman. Full-committee comments 
included: 1. more emphasis on long- 
range research and development, ori- 
enting the program toward new tech- 
niques rather than improvement of 
existing ones; 2. disagreement with 
AEC’s decision to “impose” the new 
Civilian Food Irradiation Program on 
the Isotopes Development Program 
without providing food-program funds 
(the committee was particularly dis- 
appointed that AEC reduced its radia- 


tion-education budget to get food- 
program funds); 8. to correct a “lack 
of understanding” of radiation tech- 
niques by potential users, the support 
of sound educational programs using 
existing educational institutions “is 
essential to the strong future develop- 
ment of isotope and radiation tech- 
nology”; and 4. some 30-50% of IDP 
research funds available each year 
should be reserved for support of new 
projects (“this policy is imperative”). 

In his covering letter for the re- 
port, Black made two points, for the 
subcommittee, that “did not arise 
from the committee as a whole”: 

1. Suggested greater AEC control 
over activities under the program by 
dropping the philosophy of selecting 
the best of outside proposals sub- 
mitted in favor of an approach 
whereby AEC would “draw up an 
over-all program” and invite proposals 
“on the various aspects of this pro- 
gram.” The Office of Isotope Devel- 
opment has already moved in this di- 
rection by appointing a special assist- 
ant to Aebersold (Hugh Miller) to 
acquaint himself with radiation-re- 
search activities around the country. 
“We would like to be in a position to 
be able to ask for shnahd projects, 
rather than wait for le to suggest 
projects,” an IDP official explained 

2. Urged AEC to take advantage 
of the advisory committee’s technical 
know-how, as well as its ability to 
advise on policy. “We feel that this 
[advice on specific projects] is a role 
in which the advisory committee can 
be useful. If we are to formulate 
effective advice on policy, however, 
we must be consulted before policy 
decisions are made, we must have the 
opportunity to deal with a limited 
number of policy matters at one time 
and prior to each meeting we should 
be provided with enough information 
to give some prior thought to the 
matters which will be discussed.” 





etc. The 
industry a 
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AEC Launches Test-procedure Program on Sources 


AEC’s Office of Isotope Development (see above) has launched a program 
to develop test procedures for radioisotope sources used in industry, medicine, 
rogram is to be carried out in recognition of a need for giving 

tter idea what tests its nuclide sources must pass to get licensing 
clearance from AEC’s Div. of Licensing and Regulation; in many respects, the 
program is comparable to AEC’s effort to develop reactor-safety criteria to 
simplify the licensing procedure for reactors. 


First contract under the nuclide program, expected to be awarded about the 
first of the year, will cover teletherapy sources (for example, at what tempera- 
ture would a given source be affected by fire? and how should a source be 
The test-procedure investigations are ex- 
pected to be carried out by government and non-profit laboratories such as 
Oak Ridge National Laboratory, Battelle Memorial Institute, National Bureau 
of Standards, etc. “This might further the use of radioisotope more than 
anything we can do,” an AEC official commented. 











PM-2A Demonstrates Logistics Importance in Greenland 


CAMP CENTURY, GREENLAND 


In one of the coldest, most barren, most inaccessible places on earth— 
the Army’s Camp Century, 900 mi south of the North Pole and 700 mi 
inside the Arctic Circle—a reactor was to go into operation last month to 
meet the entire electricity and heat needs of a 100-man military-civilian 


research force facing its first winter 
in the Greenland icecap. 

A NUCLEONICS reporting team, ar- 
riving at Century Oct. 15 and depart- 
ing ten days later, saw and experi- 
enced firsthand the Army’s reasons 
for selecting nuclear over diesel 
power at Cen The weather is 
near the worlds worst: warmest 
summer temperatures just above 
eet winter a of 60- 
70° below zero, and snow, fog and 
wind conditions extremely bad. 

Indeed with 138 mi of snow-trail 
between Century and its supply base 
near Thule, the supply of diesel fuel 
to Century for power equivalent to 
PM-2A is almost unthinkable with 
nuclear power available. PM-2A 
will be able to deliver 1,500 kw of 
electricity for lighting, heating and 
cooking, and 1,000 lb/hr of steam for 
melting ice to produce water; the 
“fuel” for this load—32 fuel elements 
plus spares packed in only 12 55-gal 
drums—will last at least a year, prob- 
ably 18 months. Comparable load 
for diesel engines would be 3,000 
gal/day, or over a million gal/yr re- 
quiring 20,000 55-gal drums. 

The logistics story of PM-2A is 
demonstrated beyond any eam 4 
in two of Century's 17 snow tunnels. 
Lying abandoned in the air-blast 
cooler tunnel are the ten empty 55- 
gal drums that contained the first 
core-loading. These and two more 
containing spare elements were 
shipped in last summer aboard a 
single helicopter. Nearby, in the 60- 
ft deep reactor tunnel, the Army has 
used several hundred empty diesel 
drums to close off the tunnel-end— 
drums representing just a portion of 
the fuel used last summer to operate 
600-kw of Century’s 900 kw of 
standby diesel capacity (used until 
PM-2A went on the line). 

As the situation was summed up 
by Maj. James Barnett, Engineer 
Corps officer charged with getting 
PM-2A operative, nuclear power an 
Camp Century represent a “perfect 
marriage.” 


Assembly of PM-2A 

As of early last month when it went 
into a 400-hr full-power test run, PM- 
2A was about six weeks behind 
schedule—the delay about equally 
attributable to the nuclear and non- 
nuclear portions of the plant. Until 
mid-October, all delay had been non- 
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nuclear—due entirely to late delive 
and difficult installation of the build- 
ings housing the reactor plant within 
the snow tunnels, and to installation of 
supporting utilities. On the other 
hand, the reactor primary and second- 
ary circuits were put together in four 
and three-and-a-half weeks, respec- 
tively, better than par for the course 
—despite the almost non-existence of 
heavy moving equipment: all con- 
struction work was accomplished by 
sheer manual muscle, with even the 
reactor operating crew participating. 
However, all pieces were so effec- 
tively match-marked where they join 
that the construction troops never 
even used the elaborate construction 
manuals provided. 


BIG SUPPLY PROBLEM: Camp Century lies 
138 trail miles over the icecap from its 
supply base, Camp Tuto, in north Greenland 


On Oct. 2, PM-2A went critical. 
Then began several days of data- 
gathering that was to be followed in 
mid-month with the 400-hr full power 
run. However, about a week after 
criticality, came the first of a series of 
problems—none major—that held up 
the power run until early November. 
Not the least of these—accounting for 
two weeks—involved repair of a 
“dirty” welding job on five instru- 
ment wells into the vapor container. 
PM-2A was designed so no field 
welding would be necessary, with all 
a joints being flanged. On instal- 
ation, however, welding had to be 
done on the instrument-well flanges 
where the wells penetrate the vapor 
container. With no expert calies 
in camp, the job was not leak-tight 
and two weeks were lost awaiting 
grinders from the U. S. and re-doing. 


Another big problem was the freez- 
ing of pipes, particularly where they 
were run through snow tunnels be- 
tween the reactor and feedwater 
skids; electric room heaters had to be 
shoved into the tunnels during pre- 
heatup and heatup operation. An- 
other major headache had been 
joining of the primary system flanges, 
where because of constricted work- 
ing spaces, the job of bolting the 
flanges took considerably longer than 
expected—105 man hours for each of 
the three main connections. This 
was one of the few ways in which the 
design could have been improved, its 
installers said. 


Operating Crew 


Under an officer-in-charge upon 
delivery of the reactor by ‘Alco Prod- 
ucts, Inc., to the Army's Polar Re- 
search and Development Command, 
is a small operating crew: 16 men 
plus a warrant officer as superintend- 
ent and a chief noncommissioned 
officer under him. There are three 
men to each of three shifts: a shift 
supervisor, a control room operator 
and an equipment man “who just 
roams, checking pumps and motors.” 
There is also ore day-shift mainte- 
nance crew organized in three units: 
two mechanical men, two instrument 
men and one electrician. Finally, 
there are two plant chemist-health 
physicists. All men are cross-trained 
so that each can operate the reactor 
and each has ‘one maintenance spe- 
ciality. 

Both Alco and Army personnel 
responsible for getting PM-2A into 
operation expect more than a year’s 
operation from the first core. Up to 
an additional six months is expected 
from a combination of a slightly 
higher efficiency than anticipated and 
an overall demand considerably less 
than PM-2A’s 1,500-kwe capacity. 
The second core, now in fabrication 
by Olin-Mathieson, will be shipped to 
Century in the spring to assure more 
than three years’ total fuel supply. 

Estimated economic crossover point 
(when PM-2A will have paid for 
itself in comparison with a conven- 
tional plant) will come in about three 
years, according to Alco’s site super- 
intendent, John H. Morrison. If so, 
the plant would show a slightly 
better cross-over point than is ex- 
pected from the reactor to go into 
McMurdo (NU, Sept. ’60, 24)—just 
over four years—and would be com- 
parable to savings expected from re- 
actors at Byrd Station and the South 
Pole in Antarctica if nuclear power is 
decided upon for those two sites. 
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Nuclear Scientists Libby, Glaser Win 1960 Nobel Prizes 
for Carbon-14 Dating and Bubble Chamber, Respectively 


Willard F. Libby of the University 
of California and formerly an Atomic 
Energy Commissioner won the 1960 
Nobel Prize in chemistry last month 
for his development of dating tech- 
niques using carbon-14. 

A year out of his post at AEC, 
Willard F. Libby had settled to a 
combined research-teaching routine at 

the University of 
California when he 
got word of his 
selection for the 
Nobel Prize. 
said he had “some 
little inkling” that 
he was being con- 
sidered prominently 
libb for the award but 
apd that his actual selec- 
tion left him numb with excitement. 

An indefatigable champion of radio- 
isotopes, Libby has been using them 
in research for about 30 years. Be- 
sides his work with carbon-14 in dat- 
ing, he has been a leader in the de- 
velopment of tritium as a tracer for 
meterological and geophysical proces- 
ses and he has long been engaged in 
radiochemistry research. 


Research and Teaching 

At UCLA, Libby divides his re- 
search time between a chemistry and 
a physics lab and teaches two classes 
(“I believe education of youngsters 
is the only way we can stay alive. 
It's very vital to our welfare. I like 
the combination of teaching and re- 
search work.”). His current physics 
work centers chiefly on improvement 
of carbon-14 dating techniques. In 
the chemical lab he is studying the 
chemistry of building metals, plastics, 
fluids and plasmas, using bet radio- 
isotopes and other research tools. 
He has also been experimenting with 
tritium tracing in water conservation 
and management. 

Libby was born at Grand Valley, 
Colo., in 1908 but grew up on his 
family’s fruit ranch in California. He 
attended the Univ. of California at 
Berkeley in 1927, receiving his bache- 
lor’s degree in chemistry in 1931 and 
his doctorate in 1933. He taught at 
the University, worked on the Man- 
hattan District project during World 
War II. He subsequently joined the 
Enrico Fermi Institute for Nuclear 
Studies at the Univ. of Chicago and 
joined AEC in 1954. At the Com- 
mission, he was a controversial fi 
—largely on the question of fallout 
from nuclear weapons—but he did 
much to develop AEC gage in 
research, poems pa e com- 
mercial exploitation of radioisotopes. 
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Donald A. Glaser of the University 
of California was awarded the 1960 
Nobel Prize in physics last month. 
The award was for his work on 
the bubble chamber for the investiga- 
tion of “strange particles.” 

Several days after the New York 
correspondent of a Stockholm news- 
paper tipped him off that he had 

been nominated for 

the Nobel Prize in 

physics for 1960, 

young (34-year-old) 

Donald A. Glaser of 

the University of 

California Lawrence 

Radiation Labora- 

tory was routed out 

of bed at three in 

Glaser the morning to re- 

ceive congratulations and a flood of 

questions from a news service re- 
porter. 

The fast-breaking manner in which 
the personable 34-year-old bachelor 
physicist was informed of his $42,000 
award was far more dramatic than 
the matter-of-fact mathematical an- 
alysis which seven years earlier led 
him to the design of the “bubble 
chamber” for which he received the 
prize. 

Glaser invented the bubble cham- 
ber very early in his career, at the 
age of 26, at the Univ. of Michigan. 


Tried Beer 

Leading up to the first design of 
the bubble chamber in 1953 were 
many months of mathematical treat- 
ment of the effect of ionizing radia- 
tion on a fluid material in an unstable 
ape state. The first unstable 
uid tried by Dr. Glaser, on a highly 
speculative basis, was a — of beer. 
This didn’t work, but ordinary diethyl 
ether, with its low surface tension 
and convenient critical pressure point, 
did prove that Dr. Glaser’s theory 
was sound when the particles eman- 
ating from a cobalt-60 source pro- 
duced bubbles in the liquid. 

Early work at Michigan was with 

ropane as well as with ether, later 
fiquid hydrogen was adopted by 


several groups. Dr. Glaser is pres- 


ently working with inert xenon, 
which provides effective coverage of 
neutral-particle events. 

Currently heavily immersed in his 
researches, Glaser will nonetheless 
find time to pick up his prize in 
Stockholm next month. But for the 
future, he is uncertain. “I am plan- 
ning to propose more experiments 
with So’ teiieen here,” he told 
nucLeonics. “Frankly, I'm a little 
bored with the bubble chamber.” 





National Rocket Facility? 


The National Aeronautics and 
Space Administration is considering 
construction of the “National Nuclear 
Rocket Development Facility”—prob- 
ably at Jackass Flats, Nev.—to handle 
engine and vehicle tests as the nu- 
clear-rocket program expands. Only 
a design study of the facility has been 
scheduled thus far (construction funds 
not yet available) and this is ex- 
pected to be carried out early in 
1961. Industry sources said NASA 
had narrowed architect-engineer bid- 
ding on the study to three—Ralph M. 
Parsons, Bech Corp. and Aetron 
div. of Aerojet Corp. A gov- 
ernment official said the bidders had 
been told they should consider alter- 
nate sites to Jackass Flats “only if 
Jackass Flats was found to be com- 
pletely detrimental.” 

The project is the second major 
development in the nuclear-rocket 
pro; this fall, the other ry the 
decision of NASA and AEC to bring 
in an industrial contractor to support 
the engine-development work at Los 
Alamos and, eventually, to handle 
systems design while Los Alamos con- 
tinues in the program doing basic 
research and advanced design (see 
page 31). 

















ESUPRA: Build Reactor 
in N. Y. State by 1967? 


The seven-utility Empire State 
Utilities Power Resources Associates 
(ESUPRA) was wrestling last month 
with a major decision: pra, - 
roceed with a reactor program look- 
be to construction of a 360-500- 
Mwe reactor by 1967. The group 
had gone to Washington early in the 
fall to sound out AEC on possible 
research-development aid, but then 
withdrew what AEC officials called 
an “informal proposal” after AEC 
asked commitments on construction 
and reactor type (ESUPRA had nar- 
rowed its interest to high-temperature 
gas and boiling-water with nuclear 
superheat) . 

SUPRA officials said they were 
trying to resolve the “difference of 
opinion” within the group as between 

ese two and expected to 
reach a decision before end-Novem- 
ber. The gas reactor would be an 
advanced—and of course, much big- 
ger—version of the 30-40-Mwe 
Peach Bottom reactor being designed 
by General Atomic div. of General 
Dynamics; the boiling-water reactor 
under consideration was a General 
Electric plant of up to 500 Mwe with 
the nuclear superheat feature. 

Meanwhile the New York State 
Power —- renewed its demand 
to be permitted to build large power 
reactors in the State. 





The AMF Story: Research Reactors -- Specialized Machinery — Success 


AMF Atomics is another example 
of the apparent truism that in atomic 
energy nothing succeeds like special- 
ization. 

This division of the incredibly 
diversified American Machine & 
Foundry Co. (from intercontinental 
ballistic-missile launchers to pretzel- 
bending machines, from bowling 
shoes, balls and pins to space environ- 
ment equipment) is out in front in the 
research reactor field. (Of its main 
rivals in this field, Aerojet-General 
Nucleonics showed early foot but 
faded at the first turn; General 
Atomic however is coming up fast 
on the outside). In addition AMF 
is also a leader in special-purpose 
machinery. 

AMF got into the atomic program 
early. In 1942 the Manhattan Dis- 
trict couldn’t find anyone to machine 
uranium and turned to AMF’s 
Brooklyn, N. Y., plant. AMF ma- 
chined uranium for the program for 
a long time, built special components 
for Hanford and Oak Ridge. Later 
when du Pont was developing the 
Savannah River plant, AMF as one of 
four sub-developers was responsible 
for all machinery and handling design. 
This was AMF's first major effort in 
the atomic field, and like everything 
at Savannah River, was on a fantastic 
scale. AMF laments that its work 
there is still largely unknown, the 
heavy-water production reactors being 
still tlassified. 


Into the Civilian Field 


From there AMF went on to 
become one of the first to enter AEC’s 
industrial participation program, in 
April 1954. All its civilian work was 
self-financed. The firm also did some 
early food irradiation work for the 
Army Quartermaster Food and Con- 
tainer Institute, and designed a num- 
ber of irradiators for potatoes, coffee, 
and other foods. 

Several teams of AMF engineers 
meanwhile were at Oak Ridge. One 
spent 18 months working with ORNL 
on the conceptual design for the 
Army Package Power Reactor. An- 
other team, just studying atomic en- 
ergy, had the idea that the Bulk 
Shielding Facility would, with appro- 

riate experimental facilities, “make a 
Laine good general-purpose low-cost 
research reactor.” They took it on 
themselves to design such a modifica- 
tion, making it as flexible as possible; 
commercialized it, and sold heir first 
one to Battelle Memorial Institute in 
1954. An order for a smaller version 
for Holland’s Het Atoom (“The 
Atom”) exhibit in 1957 (later moved 
to the Univ. of Delft) followed 


shortly, and AMF’s research reactor 
line was well founded. The Het 
Atoom reactor—a crash job that went 
from order to criticality in seven 
months—was the first to be shipped 
abroad under the Atoms-for-Peace 
program; AEC’s procedures for ship- 
ping fuel dened. had not yet been 
elaborated and AMF helped AEC 
write the book. 

Similarly, the Industrial Reactor 
Laboratories reactor at Plainsboro, 
N. J., was the first reactor for which a 
hazards report was submitted to 
AEC’s then-new Hazards Evaluation 
branch, and here, too, AMF worked 
with AEC in developing a philosophy 
on what is an acceptable hazards re- 
port. 

As of now AMF has sold 21 re- 
search reactors—13 of them pools, 
three more the tank-in-a-pool or ORR 
(Oak Ridge Research Reactor) type; 
two CP-5 type heavy water units; and 
three “Educator” or Argonaut-types. 
Twelve have gone critical, including 
the first of a second-generation design 
pool (ORR-type) for Austria in which 
the power has been pushed up to 12 
Mw, permitting its use as a high-flux 
testing reactor. 


It is a logical extension of the IRL 
5-Mw design. (Critics had said no 
pool could —_— safely at steady- 
state power levels above 3 Mw, but 
IRL is operating 24 hr/day, 5 day/ 
wk, and has logged 7,000 hr at 5 
Mw.) IRL is a the first AEC-ap- 
proved facility using the controlled- 
leakage philosophy of containment, 
which AEC says cut construction costs 
25% on ORR. 

Much of the reason for its success 
with pool-type research reactors, 
AMF feels, lies in their flexibility. 
“We tell our customers bluntly that 
neither they nor we know how the 
facility will be used in five years,” 
an official says; “what we can do is 
to give them maximum flexibility so 
that they will be able to do anything 
that comes down the pike. We have 
been able to sell pools for this one 
simple reason: the customers are 
covered for the future.” 


The Fine Art of Machinery Design 
Meanwhile the machinery group 
had been drawn further and further 
into specialized apparatus for atomic 
applications. AMF began its atomic 
work around the end of World War 





AMF Research Reactor Sales 





Type 
. Battelle Inst., Columbus, 
Ohio 
2. Univ. of Delft, Nether- 
lands 
3. Garching/Munich, Ger- 
many 
4, IRL, Plainsboro, N. J. 
5. McMaster Univ., Hamil- 
ton, Ont. 
. Univ. of Florida, Gaines- 
ville 
. SORIN, Saluggia/Turin, 
Italy 
8. JAERI, Tokai, Japan 
. Rishon-le-Zion/Reho- 
voth, Israel 
. Univ. of California at 
Los Angeles 
. Seibersdorf/Vienna, Aus- 
tria 
2. Univ. of Puerto Rico, 
Mayagiiez 
3. Univ. of Washington, 
Seattle 
14. Athens, Greece 
15. Univ. of Buffalo, N. Y. 
6. Union Carbide Nuclear 
Co., Sterling Forest, 
N. Y. 1 
. Yesilkoy/Istanbul, Tur- a 
key 
. Lisbon, Portugal 
. Amirabad/Teheran, 
Iran 
20. AEC Ames Laboratory, 
Ames, Iowa 
21. Rawalpindi, Pakistan 
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9 Sept. 1959 
1 Oct. 1960 


16 June 1960 
20 Dec. 1960 
25 Sept. 1960 
16 Aug. 1960 


Under construction 
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II, developing a master-slave manip- 
ulator, and since then has sold about 
500 (at $3200-3400 each, $6800- 
7000 for a left-and-right-hand set, 
$4000-4400 for a heavy-duty unit). 

After the work for Savannah River, 
AMF designed and built a refueling 
system for Seawolf, especially con- 
ceived for operation in a sodium en- 
vironment; and a machine to position 
the refueling flask above Triton’s two 
reactors—no mean task since Triton’s 
cores are skewed, with each fuel 
channel pointing in a different direc- 
tion. 

For the Fermi fast breeder at La- 
goona Beach, Mich, AMF was 
brought in to make conceptual de- 
signs of all remote ae machinery 
when Atomic Power Development As- 
sociates was first formed, and spent 
three years developing control, main- 
tenance and refueling equipment, and 
designing the fuel storage, cleaning, 
disassembly, shipping facilities. AMF 
has also designed loading machinery 
and fuel conveyor systems and has 
done much work on remote main- 
tenance machinery for various civilian 
reactor projects. 

Other little-known examples of 
AMF’s involvement include its re- 
building of the safety system for 
Canada’s NRX after the 1952 acci- 
dent, and, more recently, its work 
with Industrial Reprocessing Group 
(see p. 23) to Sulit a whole series 
of remote machines to disassemble 
fuel elements as much as possible for 
dissolving in the reprocessing-plant 
head end. This machinery has to be 
versatile to handle the many different 
kinds of fuel element involved. 
Earlier AMF had done a similar study 
for a tentatively-planned Oak Ridge 
reprocessing plant. 

Under construction is a materials 
transfer system for the Experimental 
Breeder Reactor No. 2. 

In 1956 AMF got into the Aircraft 
Nuclear Propulsion program, design- 
ing a complete hot cell for disassem- 
bly of an entire reactor that was to 
be sodium cooled but otherwise clas- 
sified. In 1958 AMF was asked to 
team with Convair—then bidding 
(successfully) against Lockheed for 
the ANP airframe contract—as associ- 
ate contractor for all ground support 
equipment. This has led to AMF's 
now designing all ground handling 
equipment for both the General Elec- 
tric direct-cycle and Pratt & Whitney 
indirect cycle nuclear engine projects, 
and to development. now in pro 
on a new type of automatic welding 
machine (for extremely strong welds 
in places of very little accessibility) 
to weld the jet engine to the reactor. 

In the non-reactor field, AMF has 
contributed—besides its food irradia- 
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tor designs—an ingenious cesium-137 
irradiator in which the source-holder 
serves as its own shipping cask. 


Controlling Control Rods 

The Savannah River project was 
also the gateway for AMF to the 
world of control-rod drive machinery. 
Ultimately a great many were built 
for each of the five reactors at Sa- 
vannah River. 

This was followed by development 
of new rod drives for Canada’s NRX; 
design of cantilever drive systems for 
AMF research reactors; and supply of 
rod drives for Babcock & Wilcox, 
General Atomic, and Combustion En- 
gineering reactors, and APPR-1 (pro- 
totype). AMF has rod drives at both 
ends of the economic scale—very ex- 
"ys very high-performance ones 
or naval and maritime applications 
with stringent shock and x paworne 
ments, others for land-based applica- 
tions where safety and reliability can 
be achieved with lesser tolerances and 
which AMF says are the lowest-cost 
rod drives for power reactors on the 
market today. 


Into the Future 

Major development projects AMF 
is working on now include PTR and 
SEBOR: 

PTR—Pressure Tube Reactor—is a 
program for development of fuel ele- 
ments for still-higher powered pool- 
type research reactors (20 Mwth, 2 
x 10” flux), where each element be- 
comes P of the pressure vessel, so 
to speak. Flow tests are now being 
carried out on these elements at 
AMF’s Greenwich labs, and a com- 
plete core critical experiment is be- 
ing done at the IRL reactor. 

SEBOR—SElf-regulating BOiling 
water Reactor—is a power engineer's 
dream—a steam bottle: open the valve 
and steam comes out, close the valve 
and it is shut down, ready for later 
use. It has no other moving parts; 
with a conventional turbine it could 
be used on shipboard, in mining 
camps or other remote locations. 
First cost would be high, but operat- 
ing cost low with no personnel re- 
quired. Without an operator, AMF 
sees sizes up to 2 Mwe possible; with 
one operator to control the pressure 
swing, higher powers could be at- 
tained. This project is in the devel- 
opment stage; AMF hopes to awaken 
interest and support of a government 
agency and mount a full-scale pro- 
gram in 1961. 

AMF’s ventures into the power re- 
actor field so far have ended quite 
the opposite of the firm’s success with 
wrod: reactors. Principal project 
was the Elk River boiling water re- 
actor, for which AMF Atomics was 


the original design and construction 
contractor, from early 1956. As a 
result of sharply rising prices and the 
threat that losses to AMF would “ex- 
ceed substantially” the $1-million con- 
tribution it had already made to the 
project, AMF asked AEC for an in- 
crease in its cost estimate (NU, Oct. 
’57, 19); AEC instead called for new 
bids, eventually won by ACF Indus- 
tries (now Allis-Chalmers). 

As a result of the loss of the Elk 
River job, AMF also lost an order to 
build a Chinese copy for RWE in 
West Germany Fbebaneath ob- 
tained by General Electric and now 
just gone critical at Kahl). A 
later job, for a boiling water power 
reactor for Cuba, evaporated in the 
wake of the international troubles fol- 
lowing take-over by the Castro re- 
gime. More recently, AMF was an 
unsuccessful bidder on the Advanced 
Engineering Test Reactor. AMF does 
not consider itself a competitor to 
Westinghouse, General Electric, Allis- 
Chalmers or Babcock & Wilcox on 
ordinary utility central-station plants 
but rather as suppliers to them. But 
it does consider itself in the business 
of developing new types of special- 
purpose power and propulsion re- 
actors. “We have committed our 
own funds in our special areas of in- 
terest,” says a spokesman, “but we are 
not spending any of ovr money to 
develop reactors to compete with 
Dresden or Indian Point. If a type 
is already built and tested, it is clearly 
someone else's province. Competi- 
tive nuclear power will not neces- 
sarily arrive in one of the existing 
os We are looking for a break- 

ough, as for example on the Tur- 
ret [gas-cooled, unclad-fuel] reactor 
on which we are working as nuclear 
subcontractor [to Los Alamos Scienti- 
fic Laboratory].” 

The firm still maintains its ties with 
Mitchell Engineering Ltd. of London, 
although the arrangement to bid 
jointly on power reactor jobs in the 
international market has not yet borne 
fruit. AMF also has a Canadian sub- 
sidiary, AMF Atomics (Canada) 
Ltd., which has built and is se 
Canada’s first and only private fuel- 
fabricating plant, at Port Hope, Ont. 


Profits 

Financially, AMF Atomics is in the 
black, according to vice president 
William E. Chamberlain—even 
though not by very much. This is 
because the firm is benefiting now 
from research reactor sales accumu- 
lated in previous years; “we are work- 
ing at fixed prices—we took risks, 
have been able to perform, and our 
Se has paid off on the sum 
total.” 





Revamped Swedish Reactor Program Moving Ahead 


Sweden’s nuclear power program, long slowed down, took a major step 
forward when it was decided that the country’s first privately-operated 
nuclear power reactor will be built at Simpvarp on the Baltic coast. 
The decision came after the government granted AB Atomkraftverk—a 


company formed by the AKK 
group of private and municipal 
power producers (NU Wk, July ’60, 
5)—the required permit to go ahead 
with its plans. Scheduled to go into 
operation in 1965, the 50-60 Mwe 
reactor will deviate from the 
“Swedish line” (natural uranium and 
heavy water) and use _ enriched 
uranium as fuel. 

Binding tenders for the reactor 
have been submitted by two Swedish- 
U. S. groups: ASEA and NOHAB in 
collaboration with General Electric, 
and Kockums together with Allis- 
Chalmers. No decision is expected 
to be taken by Atomkraftverk on the 
final type before the end of this year. 

Meanwhile, work on Sweden’s first 
industrial reactor, the R3/Adam proj- 
ect® for the Agesta combined power 
and space-heating plant located at 
Stockholm’s satellite city Farsta, is 
proceeding “according to plan.” 


evi 


This =. it should be recalled, how- 
er, been modified over the past 


Cost difficulties had i i - 
trenchment on Sweden’s ambitious program, re- 
sulting in consolidation of the two-power-re- 
actor (R3 and at) gecpem of AB Atomenergi 
-—the government-industry company—with the 
the 
26; Oc 





few years: while the original plans 
envisaged the plant becoming opera- 
tive by 1960, a recent announcement 
says it will go into operation in 1963. 
Main reason cited for the delay is 
greater-than-expected difficulties in 
completing the underground bedrock 
hall for the reactor, due chiefly to 
water seepage. 

ASEA is principal supplier of the 
reactor (55 Mw space heat and 10 
Mwe) and is responsible for its manu- 
facture and assembly. The plant is 
being built by AB Atomenergi—the 
mixed nuclear development company 
“ths government, %ths_industry- 
owned—together with the State 
Power Board and the Stockholm 
Electricity Works. 

The State Power Board’s R4/Eve 
project, originally planned to be lo- 
cated underground somewhere in cen- 
tral Sweden, will now probably be 
placed in a surface structure on a 
promontory on the Baltic coast off the 
city of Norrképing. The official 
name of this 100-Mwe plant, sched- 
uled to go into operation by 1967, is 
Marviken power station. Conceptual 
and detailed design of its natural- 


uranium-heavy-water reactor are be- 
ing carried on together with 
Atomenergi, ASEA and NOHAB. 
A final project with full design data is 
to be submitted before July 1, 1961. 

In submitting its appropriation re- 
quirements for fiscal 1961-62, total- 
ling $28-million, Atomenergi said it 
believed nuclear energy would be- 
come competitive with conventional 

ower within 10-15 years and thus 

come of major importance in 
Sweden’s power supply in the 1970s. 
Development work on _natural- 
uranium-heavy water reactors, for 
which raw materials can be produced 
locally, should be continued. 

The research program also includes 
provision for future work on spiking 
of the fuel with plutonium made in 
the natural-uranium reactors, which 
would make possible reactor types 
other than now under consideration. 

A first attempt to evaluate the 
technical problems connected with 
fast breeder reactors will be made 
with the fast zero power reactor 
FR-O, now in the preliminary design 
stage and scheduled to be in opera- 
tion by 1962. It will probably have 
a spherical core with 20%-enriched 
uranium made available through the 
bilateral agreement with the U. S. 
The core is to be surrounded by a 
reflector consisting of a copper layer 
and natural or depleted uranium. 
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REACTOR NEWS 


FUSED SALT REACTOR FOR ORNL 


Oak Ridge National Laboratory will build a 5-10-Mwth 
fused-salt reactor experiment for spring 1963 operation. 
Preliminary design is now being carried out, with con- 
struction to start next year. One of three fluid-fuel 
approaches (liquid-metal-fueled has been dropped, but 
aqueous homogeneous is also an Oak Ridge favorite), 
fused salt is seen as promising for fuel-cycle cost reduc- 
tions—via low-cost fuel preparation, relative reprocessin 

ease by the fluoride nd ility process, and high (40% 

thermal efficiency. Other advantages include high steam 
temperatures (1,000-1,050° F) and possibility of breed- 
ing. Design of the reactor experiment calls for primary 
and secondary fluoride salt systems, graphite moderation, 
discharge of heat to air, and extensive use of the new 
corrosion-resistant nickel-chromium-molybdenum _ alloy 
“INOR-8.” Molten uranium and thorium salts will be 
the fuel. Temperatures: primary, 1,200° F; secondary, 
1,100° F; steam, 1,000-1,050° F. The experiment will 
be built in the building that housed the only known pre- 
vious fused salt reactor, the Aircraft Reactor Experiment 
(NU, June ’57, 20), dismantled in 1954. 


MARQUARDT: SMALL ORGANIC REACTOR 


A new entry in the small power reactor market is being 
rag by Marquardt Corp.—first penetration of the 
civilian reactor field by a company heretofore identi- 
fied principally with the nuclear ramjet program. It 
is an organic-cooled, graphite-moderated system, called 
the Direct Cycle Diphenyl Reactor. The concept is 
being prepared for use in sizes up to 20 Mwe; low-en- 
richment fuel will be used in elements “of novel design.” 
Work, conducted since early 1960, has consisted mainly 
of preliminary design but including also some laboratory 
work on materials compatibility. Marquardt hopes to 
achieve a cycle efficiency better than 30%, has asked 
AEC to finance an eight-month development program. 


GA DEVELOPING BATHYSCAPHE REACTOR 


A small reactor to power a deep-diving bathyscaphe 
has been proposed to the Navy by General Atomic 
division of General Dynamics. An extrapolation of 
Triga technology in a 25-50—-kwe size (to deliver 35-70 
hp), the reactor would provide all the power needs of 
an oceanographic research craft, could also be used to 
power buoys, etc. The Navy is considering the idea. 


N. Y. WORLD’S FAIR DROPS REACTOR IDEA 


The management of the 1964-5 New York World’s Fair 
has abandoned a tentative plan to use a small nuclear 
power plant at the Fair. e idea was abandoned after 
AEC made it clear it opposed placing a plant at such a 
densely-populated site as Flushing Meadows, N. Y. In 
late September, World’s Fair chief Robert Moses wrote 
the N. Y. State Office of Atomic Development that the 
ve now been 
advised that the staff of the AEC considers the state 
of the art not sufficiently advanced to permit placing 
a power plant at the World’s Fair.” This adverse 
opinion gave emphasis to AEC’s current cautious attitude 
toward reactor siting, particularly since the Fair's first 
choice—a 10-Mwe pressurized-water barge-mounted 
plant the Army hopes to build and which the Fair hoped 
to borrow—would have been a well-proven concept. 


ROCKET ENGINE PROGRAM SPEEDED 


The new AEC-NASA Joint Office for nuclear rocket 
propulsion has skipped over the next step in development 


project was being dropped because “We 
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of a rocket engine, and is asking manufacturers for 
ponte on research-development of such an engine, 
eapfrogging the planned +: mama design study stage. 
The Joint Office said it had decided early selection of 
an industrial contractor would be in the interest of the 
Rover nuclear rocket program. 


DRESDEN, YANKEE, HUMBOLDT NEWS 


Dresden Station, dedicated Oct. 12, got its full-power 
(630 Mwth, 180 Mwe) license the same day. General 
Electric said the big reactor has already shown it could 
produce 189 Mwe net, 5% above design, due to better 
cycle efficiency and less power pulled by auxiliaries. 
They said plant design would permit output of 260 Mwe 
with later, improved cores. ... Yankee completed 
zero power tests, verified physics parameters (the core is 
“just a shade” more reactive than ). A number 
of minor mechanical bugs were t with, and low- 
power tests at 15 Mwe begun . . . Pacific Gas & Elec- 
tric got its construction permit for its 57-Mwe Humboldt 
Bay boiling water reactor on Nov. 8. 


NEW ELEMENT, NEW PLANT FOR HTGR FUEL 


General Atomic has a new fuel element configuration 
for its Peach Bottom reactor that has been giving very 
promising results to date. This has thorium-uranium- 
carbide pellets sealed in a high-density graphite tube, 
which is surrounded by a very small ame space con- 
taining helium that sweeps out what fission-product 
gases leak through; outside the annulus is a second high- 
density graphite tube separating the helium sweep 
stream from the main He coolant stream. Work on this 
concept has been so good thus far that it may be adopted 
for the first core of the Peach Bottom, Pa., High Temper- 
ature Gas Cooled Reactor, eliminating a first transitional 
core using metallic cladding, which now appears more 
difficult than the eventual goal of an impervious-graphite- 
clad core . . . GA has also begun construction of a 
fuel production facility adjacent to its Hopkins Labora- 
tory in San Diego. Initial unit of the planned $2-million 
metallurgical development and production facility will 
be completed in summer 1962, will employ 150. 


SAVANNAH TO BE TESTED FROM YORKTOWN 
A Coast Guard pier and Navy base near Yorktown, Va., 
will be the home of NS Savannah for up to a year of 
sea-trial operations, AEC and the Maritime Administra- 
tion announced. Access to the open sea for extended 
sea trials will be easier, AEC-MA said, from Yorktown 
(35 mi) than from Camden, N. J. (90 mi), where 
Savannah is now being completed. It has not yet been 
decided, however, at what stage the ship would be 
moved—to what power level low-power testing of the 
reactor would be carried at Camden; this has been a 
question for some time (NU, Sept. ’60, 22). 


NUCLEAR NAVY NEWS 

Tullibee, the hunter-killer A-sub with the Combustion 
Engineering reactor, went to sea Oct. 2 and was com- 
missioned Nov. 9, 14th nuclear sub delivered to the 
Navy . . . Snook, fifth and last of Skipjack’s sister-ships, 
was launched Oct. 31, second to go down the ways of 
Ingalls Shipbuilding Corp.; Ethan Allen, first of the 
second-generation Polaris-firing A-subs, took to the 
water Nov. 22 at Electric Boat . . . Robert E. Lee was 
commissioned, third Polaris-firing unit to join the 
Fleet . . . Seawolf was recommissioned with her new 
Westinghouse pressurized water reactor. 
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WORLD NEWS 


2d Round Euratom Bids Due; SENA Hopeful 


A second invitation to Euratom utilities to make 
proposals on construction of power reactors to be com- 
pleted by 1965, is “in final negotiation” and was ex- 
pected to be issued shortly. Second to be let under the 
joint U. S.-Euratom reactor program, the invitation will 
be similar to the first of 18 months ago. It is under- 
stood another invitation covering research-development 
proposals in boiling-water cocialogy will also be issued 
this year. Meanwhile, SENA (Société d Energie 
Nucléaire Franco-Belge des Ardennes), planning its 
240-Mwe Westinghouse pressurized-water reactor near 
Givet, has decided to place the reactor and primary loop 
building underground, tunneled into the base of a hill, 
with the conventional end above ground. Contract 
terms are now expected to be agreed before year’s end, 
informed Paris sources say. Signing of the OEEC 
third-party liability convention by France and Belgium 
paved the way for insurance coverage; the Belgians now 
see no difficulty regarding their part of the financing; 
and a SENA team was due in the U. S. in November to 
arrange fuel leasing with AEC. Cost of the project, 
including that of the site and of worker housing, is 
placed at $80-million. 





U. K. Unlikely to Join Euratom—Makins 


Sir Roger Makins, new chairman of Britain’s Atomic 
Energy Authority, told nuctronics there was little 
chance of Britain’s joining Euratom in advance of be- 
coming a member of the Common Market. (Britain is 
a leader of the “Outer Seven” trading bloc, rival to the 
Common Market which is composed of the same nations 
as Euratom.) But in any case, he said, membership in 
Euratom could not improve further the extent or status 
of technical and scientific collaboration that already 
exists between Britain and continental European coun- 
tries. Citing the Dragon and Halden projects and work 
in support of the International Atomic Energy Agency, 
Sir Roger said: “These existing arrangements entirely 
meet the AEA requirements and we should reap no 
further advantage from full membership in Euratom.” 





ENEA and IAEA in Cooperation Pact 


The European Nuclear Energy Agency and the Inter- 
national Atomic Energy Agency have signed an agree- 
ment for close cooperation, formally confirming a 
collaboration that previously existed unofficially. Under 
it, either agency will consult the other when it plans a 
program that might interest the other. Reciprocal rep- 
resentation—though without a vote—will extend from 
top policy-making committees down through working 
groups, and will include apt a exchange of informa- 
tion and documents. It is hoped the agreement will 
practically eliminate duplication of effort in gathering 
statistics and information, and will also be effective in 
the fields of health, safety, and security control. How- 
ever—because IAEA membership is world-wide and 
that of ENEA limited to Europe—there is little prospect 
of joint reactor or research projects by the two groups. 





Swiss Narrow Reactor Projects to One 





The Swiss government’s willingness to support only 
one nuclear power plant project has brought together 
three groups that had been seeking support separately 
(NU, March ’60, 30): Atomkraftwerk Konsortium 
(Thermatom A.G.); ENUSA (Energie Nucléaire S.A.) 
of Lausanne; and Suisatom, Zurich. The combined 
group, to be known as the National Company, will be 
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financed by about $16-million from the Federal govern- 
ment. It will build a 30-Mwth reactor of the type 
advanced by Thermatom—heavy-water, natural uranium, 
pressure tube—at Lucens near Lausanne on ENUSA’s 
site. Meanwhile Suisatom has suspended its plans for 
building a small boiling-water power plant using a Gen- 
eral Electric reactor. 


Prestressed Concrete Vessel for EDF-3 


The third reactor at France’s Chinon complex, EDF-3, 
will use a prestressed concrete reactor pressure vessel, 
Electricité de France has decided since bids for concrete 
were lower than for welded steel. A spokesman for 
EDF said the decision was reached because of economy 
rather than difficulties encountered in welding EDF-1’s 
4.2-in. thick steel plates (NU, Dec. ’59, 26; Aug. 60, 
28). France has already used prestressed concrete re- 
actor vessels in the Marcoule reactors G-2 and G-3, but 
those have 30 Mwe output as against EDF-3’s projected 
350-Mwe net or more. Design parameters for EDF-3 
are not yet firm. 


Two U. K. Firms May Merge 


Two of Britain’s three biggest electrical manufac- 
turing firms are talking merger. English Electric Co. 
and General Electric Co. have agreed “to explore imme- 
diately the practicability of a merger”; the two boards 
have said “many activities of their two groups are com- 
plementary”; both are deeply involved in atomic power 
activities, but belong to different consortia. Combined 
assets of the two would total about $495-million, more 
than the $465-million of the third and biggest of the 
big three, AEI (Associated Electrical Industries). 


Britain Launches First A-Sub 


HMS Dreadnought was launched Oct. 21 at Barrow- 
in-Furness by Vickers-Armstrong Shipbuilders Ltd. To 
be propelled on completion by a U. S. SSW reactor 











system supplied by Westinghouse, the 266-ft long, 3,500- 
ton (surface displacement) craft is a British adaptation 
of USS Skipjack; her hull is a composite design, based 
on Skipjack aft but wholly British in concept forward. 


Japanese Firm Starts Research Center 





Construction has begun on the Nippon Atomic In- 
dustrial Group’s $3.3-million laboratory complex at 
Kawasaki near Tokyo (NU, April 60, 29). A 30-kw re- 
actor, TRR-1 (Toshiba Training Reactor No. 1), will be 
the focus of the complex, providing facilities for work 
in reactor physics, radiochemistry, engineer training, and 
reactor manufacturing techniques. 


Yugoslavia to Get Second Reactor 


A 100-kw Mark II (above ground) Triga reactor will 
be delivered by General Atomic—its 20th Triga—to the 
Josef Stefan Nuclear Institute at Ljubljana, for operation 
in 1962. Enriched uranium is expected to be supplied 
by the International Atomic Energy Agency. Yugo- 
slavia will be the first country to have both a Russian- 
and a U. S.-built reactor. 
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NEWS IN BRIEF 


McKinney Report on International Atom Published 


After nearly three months’ delay, Robert M. McKinney's 
report—in five volumes and some 2000 pages—was 
released to the public early in October. “International 
Atomic Policies and Programs of the U. S.” is encyclope- 
dic in its treatment of the subject, and provides a 
valuable reference source in four volumes of background 
material. The first volume—the report proper—rec- 
ommends that nuclear research should be focused “at the 
frontiers” of technology, and that a greater coordination 
of research facilities of the U. S. and Western Europe 
should be effected. The “Summary, Conclusions and 
Recommendations” volume was substantially rewritten 
(NU Wk, 21 July 60, 2) from its original proof form 
submitted in early July to the Joint Committee on Atomic 
Energy. The conclusions are divided into five headings: 
atomic power, other peaceful atomic applications, 
research, arms limitation, and instrumentalities; the 
recommendations into three: the policy base, the 
technological base, and the institutional base. The 
insertion of 13 new pages reveals the extent of additions 
made in rewriting. Two recommendations at the end of 
the report urged: 1. “that the next international con- 
ference on civilian atomic power be ifically directed 
to broadening East-West technical relationships, that it 
be organized under the aegis of the International Atomic 
Energy Agency, rather than the United Nations, and 
that it be held in the Soviet Union in 1962”; and 2. 
“that the next general Atom-for-Peace Conference be 
organized under the aegis of the United Nations . . 

(and) be directed generally to the civilian nonpower 
applications of atomic energy, with ial emphasis on 
the use of atomic materials in research, the life sciences 
and industry.” 


Holifield Plans No Major Reactor Proposals 
Chairman-designate of the Joint Committee on Atomic 
Energy, Rep. Chet Holifield (D-Calif.) disclosed recently 
he had no new program or “drastic changes” planned 
in the civilian power reactor program after he assumes 
leadership of the committee this January. He explained: 
“I'm just going to work along with the Joint Committee 
for the next two years like I have always done.” Hioli- 
field will make his first speech as chairman-designate at 
the Atomic Industrial Forum in San Francisco this 
month. 


New Deputy Chief of ANP Appointed 

Col. Ola P. Thorne has assumed the duties of deputy of 
Aircraft Nuclear Propulsion at AEC and will help direct 
the joint Air Force-AEC programs for nuclear aircraft, 
SNAP (Systems for Nuclear Auxiliary Power) devices 
and Project Pluto, the nuclear ramjet. ANP Chief 
Brig. Gen. Irving L. Branch directs these programs. 


AFL-CIO Mapping Campaign For Compensation Law 

A radiation injury compensation bill, patterned after 
the Longshoremen and Harbor Workers Act, is the goal 
of the AFL-CIO Legislation dept. The first version 
of the bill was introduced in the last days of the 86th 
Congress by Rep. Herbert Zelenko (D-N. Y.). Labor 
endorses the recent AEC regulations lowering occupa- 
tional exposure limits (NU, > "59, 21) that become 
effective Jan. 1 and which call for 1% rem/quarter whole 
body exposure, 18% rem/quarter to extremities, 7% 
rem/quarter to skin (NU, Oct. ’60, 32). But labor also 
wants workmen’s compensation rights after the fact of 
over-exposure. “No matter how good the protection 
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regulations are,” and AFL-CIO official asserted, “there 
will always be a few over-e that slip by. And 
we want some help for the worker from the federal gov- 
ernment, after the occurrence, which the states just won't 
provide.” The Zelenko bill provides: 1. presumption 
of injury from radioactive materials (for any “ordinary 
disease of life” when certified by public health service 
that the disease can be radiation induced); 2. liability 
and 90% payment by employer of worker's average 
weekly wages while disability lasts; and 3. establishment 
of a new office and deputy commissioner in the Labor 
dept. to handle regulation of the act. 


University Group Begins Study of JCAE 

George Washington Univ. Law Center is sponsoring a 
one-year. study of the Joint Committee on Atomic 
Energy to determine what sort of a “legal animal” JCAE 
is. Déan Louis H. Mayo of GW’s Graduate School of 
Public Law explained that the study (made possible 
by a Louisiana foundedion, the Edgar Stern family fund) 
would examine the “extraordinary authority” vested in 
JCAE in terms of basic political science principles rather 
than issues involved in the atomic energy program. 
Harold Green, a Washington attorney in administrative 
law, is coordinating the study, which began in September. 


JCAE Names 2 Consultants for Regulatory Study . . . 
William Mitchell and David F. Cavers will help the 
JCAE staff review AEC’s licensing procedures and 
organization for a report to the Committee early next 
year. Mitchell, formerly a general counsel for the 
Commission now engaged in general law practice in 
Washington, and Cavers, a Harvard law professor, have 
participated in the planning phases of the study and 
will assist in writing the final draft. The review will 
be released as a staff study rather than a Committee 
report representing views of individual Committee 
members. If the fact-finding indicates need for specific 
changes in AEC’s existing licensing procedures, legislative 
recommendations are not ruled out. The study's out- 
line: 1. background of AEC jurisdiction for atharalia 
construction and licensing the operation of nuclear 
facilities, including reactors; 2. organization of those 
departments in AEC involved in rule-making and 
licensing; 3. procedures and preliminary steps private 
applicants must make before acquiring a license: and 4. 
review of experience built-up by AEC in individual 
licensing cases. The review will also consider the feasi- 
bility of reducing the five-man Commission to a three- 
man board as an independent licensing and regulatory 


agency. 


. . . As AEC Reorganizes Regulatory Group 
Meanwhile, AEC has an internal reorganization of its 
division of Licensing and Regulation, reflecting agp 
in the regulatory administrative load. The shift, not 
tory study, 
ors: Lyall 
— assistant director of facilities and materials 
icensing, (reactor licensing, reactor export, operator 
licensing); Lester Rogers, assistant director for nuclear 
materials safety (licensing to receive, , use and 
transfer na uranium, thorium and fissionable U-233, 
U-235 and plutonium); and Clifford Beck, assistant 
director for nuclear facilities safety. Richard Kirk 
remains deputy director of the division with Eber Price 
also an assistant to Director Harold Price. 


directly related to AEC’s broader re 
establishes three additional assistant di 





RADIATION NEWS 


Firm Gets Temporary Injunction Against Ex-official 
Packard Instrument Co. has brought suit against a 
former Packard official who formed his own company 
shortly after quitting Packard last summer. The Pack- 
ard suit, against Scott Nuclear, Inc., has special over- 
tones for the radiation-instrument industry in that forma- 
tion of new firms by employees or officials who leave 
other firms is widespread. Through its president, 
Lyle E. Packard, the instrument company brought suit 
against Scott Nuclear and its president, William S. Scott, 
in Cook County, Ill., Superior Court. The Court, on 
—_ 26, granted a temporary injunction against Scott 

ting any manufacture and sale by Scott of a liquid 
scintillation counter called “Betamatic.” The injunction 
prohibited Scott from: 

1. Using, publishing or disclosing in any manner 
secret or confidential information obtained as a Packard 
employee (Scott worked for Packard from 1953 until 
Aug. 5, 1960, including a stint as vice-president). 

2. Using any ideas, discoveries or inventions — 
to any instruments made by Packard during the perio 
of Scott’s employment, whether or not disclosed to 
Packard. 

8. Manufacturing, designing or engineering any in- 
strument using the ideas, designs or engineering used 
in Packard's Tri-carb liquid scintillation counter. 

4. Manufacturing or selling the Betamatic Model 110 
liquid scintillation spectrometer, or similar instrument 
(in late August Scott began offering the Betamatic for 
sale at a price $1,750 below that of Packard's Tri-carb). 

5. Using any designs, drawings, data, records or lists 
of Packard's customers and prospective customers. 


6. Making any “untrue, defamatory or eee 


statements” about Packard, specifically that Packard was 
losing key employes, that Packard could not maintain 
its equipment, that Packard instruments were designed 
in such a manner that they could not properly be main- 
tained, that Scott owns part of Packard's business, or 
that Scott was under no restriction with respect to pro- 
duction and sale of products in competition with Packard. 

As a result of Scott’s activities, Packard contended, 
his firm had “suffered great damage.” He told the 
Court that customers who had placed orders with him 
had reopened bids, that his production schedules were 
upset, that his market was “becoming demoralized,” 
and that alleged misrepresentations by Scott had injured 
Packard's standing. He said the Tri-carb accounted for 
about 80% of sales. 

Attached to Packard’s complaint was a copy of a 
written agreement signed by Scott on Nov. 30, 1959, 
containing a cot aap in which Scott agreed to assign 
to Packard all rights, titles and interest in and to ideas, 
discoveries and inventions, whether patentable or not, 
that Scott might make or conceive during his employ- 
ment with Packard or within one year following termina- 
tion of employment, relating to any subject or problem 
arising in the fields of Packard’s activities and related 
fields into which Packard might expand. 

In his answer, Scott admitted signing the agreement 
but contended that the foregoing provision “violates the 
public policy of the State of Illinois and of the United 
States and is therefore wholly void and unenforceable, 
and plaintiff [Packard] has no rights whatever under 
said provisions, and defendants have no obligation or 
liability of any kind whatever under said provision.” 

Scott also denied specific Packard allegations and 
recited a long list of users of liquid scintillation counters, 
including several federal agencies and _ laboratories. 
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Scott said Packard in 1959 sold $1.6-million of a total 
industry volume of $1.8-million of these devices and 
charged: “Thus, plaintiff has a virtual monopoly in the 
manufacture and sale of a device having great impor- 
tance in basic research into the cause and cures of 
cancer, heart diseases and mental diseases.” A Scott 
official reported that, since issuance of the temporary 
injunction, “there is essentially no activity, since the 
liquid scintillation counter is our number one product.” 
Packard asked the Court to issue a permanent injunc- 
tion against Scott, upon full and complete hearing. 


NSEC, Virginia Firm Form California Company 
Nuclear Science and Engineering Corp. and two other 
companies have formed Hazleton-Nuclear Science Corp., 
Palo Alto, Calif., to offer services in radiation, agricul- 
ture and the life sciences. The other 
partners are Hazleton Laboratories, Falls 
Church, Va., whose Western Division 
Laboratories have been taken over by 
the new firm, and a small business in- 
vestment corporation in San Francisco; 
each sponsor has a one-third interest. 
Head of Hazleton-Nuclear Science is 
Harry Browne, formerly of General 
Atomic, Thompson Products and AEC. 
The company will offer services in ana- 
lytical chemistry, biochemistry; radiochemistry, radio- 
biology; organic synthesis; toxicology; pharmacology, 
entomology, radioactive techniques (assaying, tracing, 
decontamination, disposal techniques); and activation 
analysis. 


Browne 


Martin Leases Quehanna Hot Cells from Penn State 
Martin and Penn State Univ. have signed a contract for 
lease to Martin for two years of the five large hot cells 
at Quehanna, Pa., donated to Penn State by Curtiss- 
Wright (NU Wk, 25 Aug. ’60, 2). Martin has applied 
to AEC for an operating license and will begin fabrica- 
tion of strontium-90 isotopic-power generators for the 
government when a license is issued. 


New Jersey Firm Develops Powdered Irradiated Plastics 
A line of plastics irradiated in powder form is under 
development by Enflo Corp., Maple Shade, N. J., with 
some of the material already on the market under the 
name “Enrad.” A supplier of molded Teflon shapes, 
Enflo has been using the wder-irradiation technique 
with polyethylene to produce irradiated tape, rods, 
molded cylinders and A we plastic shapes. To get uni- 
form radiation distribution, the powder is —_ 
through a funnel onto a conveyor (particles of talcum 
powder size) and given a dose of about 25 megarads. 


Nuclear-Chicago, Texas Nuclear Near Merger 
Nuclear-Chicago and Texas Nuclear are expected to 
complete arrangements for merger of the two firms 
about year-end, giving the relatively small Austin, Tex., 
firm (40-50 employees) the benefit of N-C’s larger mar- 
keting staff and giving N-C the use of Texas Nuclear’s 
neutron generator and its competent research organiza- 
tion. N-C officials said they expected routine acceptance 
by Texas Nuclear stockholders of N-C’s offer to give one 
share of its stock for 3% shares of Texas Nuclear; they 
will maintain their corporate identities, with N-C assum- 
ing marketing responsibility. N-C expects the neutron 
generator to play a major role in N-C’s growing program 
to market process-control gauges. 
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512 Channel* Pulse Height Transistor Analyzer and Scaler 


Memory capacity—1,000,000 counts per channel in coded decimal . . . Switch selected log or linear display... 
Linear amplifier . . . Live display during accumulation . . . Channel subgrouping in multiples of 64 . . . Super- 
stable ~ H. V. power supply—300 to 3000 V. at5 ma... Preset live time—0.1 milliseconds to 99,000 seconds 
in 700 steps .. . Preset count for Scaler Mode *Also available with 256 Channel Memory Module 


ALL THESE SPECIAL FEATURES ARE AVAILABLE AT NO EXTRA COST WITH STANDARD RCL MODELS 20618 (512) AND 20617 (256). 





RADIATION COUNTER LABORATORIES, INC. 


ROVE + SKOKIE 


e for additional information write: 





Education... 


Our Greatest 
Tool” 


OSCAR G. MAYER 


Chairman, Oscar Mayer & Co. 


“During the last twenty years we have had dramatic evidence of what massive 
research can accomplish. Every thinking American today is acutely aware 
that our future welfare depends upon this vital activity. 

“But sound higher education is the prerequisite of good research; it is vitally 
important that our higher education be constantly improved, beginning with 
our secondary schools. Higher education is the only means with which we can 
mine our most valuable natural resource: the creativity of the human mind in 
all fields, social and cultural as well as scientific. 


“By supporting the college of your choice in its efforts to provide the best 


possible faculty and physical facilities, you are investing in the one tool with 
which to shape favorably the future of America.” 


if you want more information on the problems faced by higher education, write to: 


Council for Financial Aid to Education, Inc., 6 E. 45th Street, New York 17, N. Y. 





/ 


= HIGHER EDUCATION 


Sponsored as a public service, in cooperation with the 
Council for Financial Aid to Education 





KEEP IT BRIGHT 














December, 1960 - NUCLEONICS 





CHARCO 


) Sa 10> Gace] Red's 3° 








PROUD RECORDS OF RELIABLE PERFORMANCE BY CHARCO DRY BOX GLOVES HAVE 
BEEN MADE IN THIS COUNTRY AND ABROAD, IN MAJOR ATOMIC ENERGY INSTAL- 
LATIONS: ALSO IN BIOLOGICAL AND INDUSTRIAL RESEARCH FIELDS! 


CHARCO DRY BOX GLOVES 
FLEXIBLE, FINGER SENSITIVE AND COMFORTABLE 
Both CHARCO Dry Box Gloves are manufactured of MILLED NEOPRENE, by the Multiple 
Dip Cement Method, in which MOLECULAR SOLVENT solutions of Neoprene are used, to 


meet demands and rigid specifications required for nuclear and biological work. — The Latex 
Coagulation Process is NOT used in manufacture of CHARCO Dry Box Gloves! 


“NEO-SOL” 


Wye UALITY, ALL MILLED NEOPRENE. THESE GLOVES 

RE OIL, CHEMICAL AND OZONE RESISTANT. THEY CONFORM 
tO REQUIREMENTS OF ARGONNE NATIONAL LABORATORY 
SPECIFICATIONS PF-1-b-(Rev. 6). 


“RAD-BAR™ 


SEAMLESS, LEAD-LOADED, MILLED NEOPRENE ARE OF A 
DENSITY OF 3.95 GRAMS PER CUBIC CENTIMETER. UNDER 
ACTUAL TESTS THESE GLOVES HAVE BEEN PROVEN TO SHIELD 
OUT SOFT GAMMA RAYS MORE THAN 80%. 


“NEO-SOL” and “RAD-BAR”’ gloves offered in a complete range of styles and ae, to fit 5, 
7 and 8 inch diameter ports. The ‘““RAD- BAR”’ glove is also offered in standard short 


vo IED! 


A severe high voltage electrical test is applied to each glove, ofter visual and all other tests are completed, to 
reedom from hazardous defects which might escape detection by other methods of testing and inspection. 





CHARLESTON RUBBER COMPANY 


7 STARK INDUSTRIAL PARK - CHARLESTON, SOUTH CAROLINA 
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is Our Business 


Allison Division, General Motors Corporation now is broadening its activities into 
NUCLEAR energy conversion. Presently, there are three specific programs underway: 


@ MILITARY COMPACT REACTOR—USAEC 


@ NUCLEAR ROCKET ENGINE—USAF 


@ NUCLEAR DIRECT CONVERSION SYSTEMS 


These new system concepts require a broadening of our nuclear capability. As a result, Allison 
Division has several key positions open for NUCLEAR specialists. Some of these involve project 
direction. If your background and experience match any of these exceptional and challenging 


opportunities, please contact us. We need: 


@ SENIOR NUCLEAR PHYSICISTS 


To initiate and direct nuclear physics investigations. 
Will head Nuclear Physics section responsible for con- 
ducting concept feasibility and concept design studies. 
PhD or MS in Physics with 3-5 years experience in 
Nuclear Physics. Experience in reactor design and 
shielding analysis required. 


@ NUCLEAR SYSTEMS ENGINEERS 


To initiate and conduct Nuclear engineering studies 
on Compact Reactor power plants and conduct con- 
ceptual design and systems analysis of Nuclear rocket 
propulsion systems. MS in Nuclear Engineering or MS 
in Mechanical Engineering with considerable advance 
courses (ORSORT) in Nuclear technology. At least 
5 years experience in Nuclear field, preferably in pro- 
pulsion area. 


@ NUCLEAR PHYSICISTS 


To conduct Nuclear physics studies on Nuclear Rocket 
Engine, Military Compact Reactor and Nuclear Fuel 


Send your resume today to the attention 2 
of Mr. V. A. Rhodes, Dept. 8310 FM 
Scientific Personnel Recruitment 


ALI. 'S OW Division 


General Motors Corporation 
Box 894, Indianapolis 6, Indiana 


Cell Programs. Will perform reactor physics design 
calculations and shielding studies for high temperature 
reactor systems. MS in Physics with minimum of 5 
years experience in Nuclear field. At least 2 years ex- 
perience required in systems analysis and preliminary 
design of Nuclear systems. Experience required in use 
of IBM 704 type computer. 


@ REACTOR KINETICS ENGINEERS 


To initiate and conduct reactor and power plant con- 
trol and instrumentation studies and design for Military 
Compact Reactors. MS in Nuclear Engineering (or 
ORSORT graduate) with 2-5 years experience in Nuclear 
instrumentation and control. Experience required in 
Reactor Kinetics design, preferably in high temperature 
reactors. 


@ REACTOR ENGINEERS 


To conduct systems analysis and evaluation for Military 
Compact Reactor project. Will perform parametric an- 
alyses and system criteria comparisons. Graduate of 
ORSORT, or MS in Nuclear Engineering with 2-5 years 
experience. Minimum 2 years experience in reactor 
design and power plant systems evaluation. 


GENERAL 
MOTORS 
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A status report: 
nuclear superheat...on schedule 


“Pathfinder” is the country’s first nuclear superheat 
power station under construction. It is being built by 
Allis-Chalmers for Northern States Power Company. 
Cooperating in research and development are nine other 
midwest utilities* and the Atomic Energy Commission. 

The above photo shows the containment, turbine, 
water treatment and administration buildings. Con- 
struction is on schedule. 

The integral nuclear superheater will provide steam 
at 600 psig, 825 F. Other important design character- 
istics include a high power density — 46 kw per liter 
— and controlled recirculation — 60,000 gpm. 

Only Allis-Chalmers has experience in both direct- 
and indirect-cycle boiling water reactors, fast breeder, 
gas-cooled and process-steam reactors and fusion. In 
addition, A-C has long been a leader in such steam 
plant equipment as turbine-generators, condensers, 
pumps, valves and water conditioning systems. 

For more information about Allis-Chalmers facilities 
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and capabilities in the nuclear power field, talk to your 
nearest A-C representative, or write for Bulletin 
43B9541, Allis-Chalmers, Atomic Energy Division, 
Milwaukee 1, Wisconsin. A-1382 


*Central Electric and Gas Co. * Interstate Power Co. * lowa Power and Light Co. 
lowa Southern Utilities Co. * Madison Gas and Electric Co. * Northwestern Public 
Service Co. * Otter Tail Power Co. * St. Joseph Light and Power Co. * Wisconsin 
Public Service Corp. 


Site of “Pathfinder” plant at Sioux Falls, South Dakota. 
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We shall 
beat our 
swords into 
plowshares 


Title of statue shown in UN garden, New York 


Power of the Atom and its peaceful uses the world over foremost collection of authoritative thinking ever assem- 
are presented in the English edition of the United Nations bled on the peaceful uses of atomic energy. Your home or 
second international conference—the only complete and office library is not complete without one or more volumes. 
official record of the Geneva conference. Sold directly by the United Nations in single volumes, 

Over 6,000 authors, 2,137 articles and 15,000 illustra- subject groupings, or as a complete set with de luxe covers 
tions covering more than 150 topics, make it the world’s to assure long, useful life. 


VOL. 1 Progress in Atomic Energy, $12.50/VOL. 2 Survey of Raw Materia! Resources, $18.50/VOL. 3 Processing of Raw Materials, $15.00/VOL. 4 Production of Nuclear Materials, $16.50/VOL. 5 
Properties of Reactor Materials, $14.00/VOL. 6 Basic Metallurgy and Fabrication of Fuels, $18.00/VOL. 7 Reactor Technology, $19.50/VOL. 8 Nuclear Power Plants, Part |, $14.00/VOL. 9 Nuclear 
Power Plants, Part I!, $17.50/VOL. 10 Research Reactors, $18.50 VOL. 11 Reactor Safety and Control, $15.50/VOL. 12 Reactor Physics, $18.50/VOL. 13 Reactor Physics and Economics, $18.50, 
VOL. 14 Nuclear Physics and Instrumentation, $17.00/VOL. 15 Physics in Nuclear Energy, $12.50/VOL. 16 Nuclear Data and Reactor Theory, $18.50/VOL. 17 Processing Irradiated Fuels, $18.00/ 
VOL. 18 Waste Treatment and Environmental Aspects of Atomic Energy, $16.50’/VOL. 19 The Use of Isotopes: Industrial Use, $12.50/VOL. 20 isotopes in Research, $10.00/VOL. 21 Health and 
Safety: Dosimetry and Standards, $10.50/VOL. 22 Biological Effects of Radiation, $14.50/VOL. 23 Experience in Radiological Protection, $14.50/VOL. 24 Isotopes in Biochemistry and Physiology, 
Part |, $11.00/VOL. 25 Isotopes in Biochemistry and Physiology, Part I!, $11.00/VOL. 26 Isotopes in Medicine, $13.00/VOL. 27 Isotopes in Agriculture, $14.00/VOL. 28 Basic Chemistry in Nuclear 
Energy, $18.50/VOL. 29 Chemical Effects of Radiation, $14.50/VOL. 30 Fundamental Physics. $10.50/VOL. 31 Theoretical and Experimental Aspects of Controlled Fusion, $15.00/VOL. 32 
Controlled Fusion Devices, $15.00/VOL. 33 The Index to the Proceedings, $16.50 
Get your FREE brochure describing in detail every volume 


oes ee 


UNITED NATIONS 
' UN SALES SECTION N-12, NEW YORK, N.Y. 
~ Send: Brochure [J Volume [) 
Check enclosed [) Bill me (plus postage) (J 
T \( Ay Name 


SALES SECTION, NEW YORK, N. Y. EL, ere career ee ae 
December, 1960 - NUCLEONICS 











40 





ALLIS-CHALMERS © 








BUTTERFLY VALVES — For liquids or gases — uniform 
control in all positions, fast positive regulation and closure, min- 
imum pressure drop. Compact and lightweight. Sizes from 1 in. 


WAFER VALVES — A new design of butterfly vaives with 
space-saving flexibility, suited to most any type of operation. 
Sizes from 3 to 36 in., including high-pressure types. 


BALL VALVES — Easy manual shutoff under adverse condi- 
tions, and up to 150 psi. Slight wedging action gives unusually 
drop-tight closure. Sizes: 12 to 48 in. 














ROTOVALVE— A cone valve suited to virtually any type 
of operation or location. Offers the least pressure loss, greatest 
initial shutoff, controlled closing time, positive seating. 





Now: for power plants, sewage and water works — 


a full line of rotary valves 


Serving you even better through a broader line— Allis- 
Chalmers offers the finest in butterfly, ball and cone 
valves for industrial applications, power plants, sewage 
and water works. Also available are complete valving 
systems in standardized “‘packages” that provide re- 
mote, telemetered control of valve operation. These addi- 
tions further round out Allis-Chalmers line that includes 
Angle, Needle, Relief valves, sleeve-type valves and 
accumulator systems. For details, contact your Allis- 
Chalmers valve representative or write Allis-Chalmers, 
Milwaukee 1, Wisconsin. Rotovalve is an Allis-Chalmers trademark. 
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This Many Ampere 
Plasma Stream 
may lead to new concepts 
of power generation 
and propulsion... 


A many-ampere source of ions, this device is believed to be the most powerful in r y 
operation in any laboratory. Already it is providing new insight into thermonuclear 
fusion. It may lead to new concepts in propulsion including a method of producing 
thrust for missions beyond the earth’s atmosphere. 

Accomplishments like this are the result, we believe, of a unique research environ- 
ment. Among other things, we encourage independence of scientific thought and 
action. And, we make determined efforts to free scientists from tedious routine — 
help direct their full mental powers towards scientific achievement. 

Complex calculations, for instance, are handled by the nation’s largest industrial 
computational facility. Unusual assistance — at operational and theoretical levels — 
is available from outstanding leaders in other disciplines. 

We believe that this combination of facilities and services is unequaled. If you are 
interested in corporate-sponsored studies into the fundamental nature of matter in 
an environment where success comes easier, write today. 


Please write to Mr. W. R. Walsh, or phone Hartford, Conn., JAckson 8-4811, Ext. 7145 


Research Opportunities 
in many areas... 


Solid State Physics 
Plasma Physics 
Gaseous Electronics 
Chemical Kinetics 
Particle Physics 
Nuclear Engineering 
Surface Chemistry 
Cryogenics 
Energy Conversion 


RESEARCH LABORATORIES ~~ 


UNITED AIRCRAFT CORPORATION sell 
400 Main Street, East Hartford S, Conn. research 
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Where expansion joint reliability really counts... YOU FIND ZALLEA 


Eighteen Zallea Expansion Joints pro- 
tect all the piping between compressor, 
reactor and turbine in General Electric’s 
Heat Transfer Reactor Experiment 
(HTRE). Sizes range from 18-in. to 
30-in. diam. Temperatures are 500 F and 
1500 F at 53 psig. 


Objectives of HTRE were to develop 
and test a complete aircraft nuclear 
power plant system, to determine oper- 
ating characteristics, and to verify the 
design of a direct-air-cycle nuclear pro- 


pulsion system. As in any research in- 
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volving unknown quantities (in this case 
the heat source) a basic requirement for 
all system components was maximum 
reliability. The results of HTRE were 
successful. Objectives were accom- 
plished. The integrity and life of all 
system components were verified. 


This is another example of Zallea com- 
petence in the nuclear field. In fact, 
Zallea has provided the large majority of 
all the expansion joints used in atomic, 
nuclear and missile projects. Our work 
with almost every major engineering and 


manufacturing firm in these fields has 
given us an unequalled background of 
experience and engineering capacity. It 
can give you important savings in time 
and investigation when expansion is in- 
volved in piping systems or tanks. 


Write for Catalog 56, which contains 
complete and comprehensive engineer- 
ing data for Expansion Joints from 3-in. 
to 50-ft. diam., pressures to 3600 psi, 
temperatures to 1600 F. 

ZALLEA BROTHERS, Taylor and Locust 
Streets, Wilmington 99, Delaware. 


FOR MAXIMUM RELIABILITY 


WORLD'S LARGEST MANUFACTURERS OF EXPANSION JOINTS 
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LANDSVERK ROENTGENMETER MODEL L-64 


a true laboratory standard for measure- 
ment of X-rays and Gamma rays only 
Landsverk combines these features to 
provide...greater accuracy, versatility, 
dependability. " Chambers are hermeti- 
cally sealed. Not affected by changes in 
atmospheric pressures or temperature. ® 
Each chamber has a built-in charging 
switch, which isolates the internal por- 
tion of the chamber, making readings 
independent of conditions of high humid- 
ity. " Each individual chamber cali- 
brated at 6 different energies. Energy 
response calibrated from 30 kev to CO”. 
* Sleeves included, provide electron 
equilibrium at higher energies, eliminat- 
ing necessity of separate chambers for 
radium or cobalt measurements. * 
Highly insulated to protect against over- 
exposure to high energy radiation. 


653 SONORA AVENUE, GLENDALE 1, CALIFORNIA 
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AT BOOTH 516, ATOMFAIR-WEST 


NEW KOLLMORGEN 
MODULAR PERISCOPES 


At a fraction of the cost of a “special,” you can put 
together a precision periscope that meets your exact 
requirements. Modular components can be assembled 
with a wrench in less than a day by following the 
simple instructions. The result . . . a high-quality, high- 
precision instrument made by Kolimorgen, the coun- 
try’s leading manufacturer of remote optical viewing 
equipment for the nuclear industry. 

Kollmorgen Modular Periscopes are ruggedly con- 
structed and incorporate optical systems of the highest 
quality. No matter how many right angle elbows are 
used, the image always appears erect. Easily 
disassembled, periscopes can be quickly relocated in 
different installations. 

Non-browning glass and corrosion-resistant materi- - 
als are used throughout. Periscopes are completely 
air-tight and water-tight. For additional specifications, 
prices and ordering information, write Dept. N-12 


FIELD FOCUS RANGE EXIT PUPIL 
32° 0 to infinity 4mm 
16° 0 to infinity 2mm 
8° H20 3 ft. 
Air 27 in. to 
infinity 
* H20 3 ft. 
Air 27 in. to 
infinity 


~< 
i) 
Ce 
co 
> 
= 
wo 
= 
_— 
Lo] 
—_ 
© 
amd 
> 
rr 
_ 
i 
I> 
= 
Lae ] 
ce 
= 
o 
rr 
E 
> 
— 
arm 
| 
iz 
has! 
1” 
io 
is 
om 
ian 








—_ 





OLLMORGEN 


CORPORATION 
NORTHAMPTON, MASSACHUSETTS 
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NUCLEAR REMOTE VIEWING EQUIPMENT @ SUBMARINE 
PERISCOPES © OPTICS @© BORESCOPES @® MOTION 
PICTURE AND TELEVISION LENSES © PRECISION OPTICAL 
INSPECTION AND ALIGNMENT DEVICES @ ELECTRONIC 
CONTROLS AND COMPONENTS @ NAVIGATIONAL AIDS 
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COMPACT, VERSATILE AND MODERATE IN COST 


asOor) 


THE PRACTICAL REACTOR 





Hawker Siddeley's Jason reactor provides a large source of 
neutrons at low power, is ideal for student training and activation 
experiments and for the production of short-lived isotopes for 
medical research. Jason, which is basically similar to the Argonaut, 
has five forms, offering a wide range of facilities and powers from 
1 to 100,000 watts. Around the central annular core in the cubic 
graphite reflector can be placed a shield tank, beam holes, thermal 
columns or lattice experiments up to four in number. A further 


FOR RESEARCH AND TRAINING 





lattice experiment can be placed above the core. Up to 10 beam 
holes and 3 rabbit facilities can be incorporated. Using 20% or 90%, 
enriched uranium, the flux ranges up to 2 x 10!2n/cms.2sec. 
Irradiation facilities are available in the standard Jason which is 
now operating at Langley. Terms on application. 

JASON reactors are now under construction for United Kingdom 
Energy Authority, Winfrith Heath and Reactor Centrum Nederland, 
Petten, Holland. 


HAWKER SIDDELEY NUCLEAR POWER CoO. LTD. 


SIDDELEY GROUP 
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LANE, LANGLEY, 


MEMBER 


OF HAWKER 





Project Vela's 


For employment write to: Personne/ Director, Division 60-117 


los: Jalamos 
+ scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
_ LOS ALAMOS, NEW MEXICO 


i | 
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LONGEST, SMALLEST, 
MOST FLEXIBLE 

SHEATHED THERMOCOUPLE 
AND HEATER WIRE 

IN EXISTENCE! 


Amperex’® 


THERMOCOAX 


for measuring temperatures from 


—200°C to 1300°C 





longest Unprecedented unbroken lengths of up to 650 feet, eliminating the need for 
special connectors or complicated splicing. smallest Sheath diameters as small as 
0.013” (in 10’ lengths) make it ideally suited for measurements requiring rapid response 
times, and where the introduction of larger diameter wire would result in distortion. 
(Sheath diameters up to 0.080” are available.) most flexible Hammer it, flatten it, bend 
it—no loss of insulation...no rupturing of conductors...and no impairment of the sheath. 


Amperex construction makes the big difference! 
THERMOCOAX consists of Chromel-Alumel or Nickel-Chromium con- 
ductors in a stainless steel or Inconel sheath, highly insulated from one 
another and from the sheath by powdered magnesium oxide. Unlike 
conventional sheathed thermocouple construction, where the insulator 
is originally introduced as pellets, THERMOCOAX insulation is in pow- 
der form before any swaging! When pellets are crushed during the 
swaging stages, the result is often non-uniform distribution of the 
insulator, with open spots and short-circuiting of conductors and 
sheath. The THERMOCOAX process achieves truly uniform distribu- 
tion of the insulating powder and optimum compressibility. 

AMPEREX ELECTRONIC CORP., 230 Duffy Ave., Hicksville, L. 1., N. Y. 


ask Amperex 





line of THERMOCOAX 
Thermocouple, Heating Wire 
and Accessories 
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to quality-inspect? 


need to radiograph giant castings 
» for reactor systems? 
or weldments on thick-walled 
pressure vessels? 
or feet-thick solid fuel volumes? 
or even heavy lead slabs, maybe? 


uch jumbo jobs are meat for the massive 10 ’ 
power (2-3 million volt equivalent) of | 


Picker’s Cobalt 60 Cyclops. for instance. . . 


it will find a flaw this small@ in a 10” thick steel 
casting... the penetrameter will show clearly on the film 


(Cyclops users readily produce radiographs that meet and often 
better the 2% sensitivity requirements of most radiographic inspection codes.) 


with radiographic power like that, Cyclops makes short shrift 
of less formidable jobs, too... 
| gets through 5” of steel in 5 minutes 


(And thanks to its unique collimator, secondary radiation is so cut down 
that radiographs made with Cyclops are characteristically snappy with 
detail-disclosing contrast.) 


Cyclops is compact enough to mount 
on a go-to-the-job mobile carriage 


(Or on a variety of other supports tailored to the workload. 
Seen here is a jib-mounted unit at Cooper-Alloy Corporation 


big surprise is Cyclops low cost 
(about one-fourth the price 


of equivalent energy x-ray , "ap gf 


equipment) 


There’s much more to tell about Cyclops. 

Get the full story from your local Picker 
office (see ’phone book) or write 

Picker X-Ray Corporation, 

25 So. Broadway, White Plains, New York. ~ 
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what do you know about the nuclear market 


The nuclear industry is now spending over $3- 
billion annually for power, test and research re- 
actors, nuclear submarines, nuclear rocket en- 
gines and extensive applied radiation equipment. 

Most of this money is spent for products and 
materials. A recent survey shows, for example, 
that the civilian power program bought over 
$660-million worth of products in 1958, a year 
when the civilian program was secondary to the 
naval and AEC programs. 

The 1960's have already become the decade for 
nuclear opportunity: the AEC has launched a 
significant $2-billion civilian nuclear power pro- 
gram, a utility has purchased ‘the largest nuclear 
power station in the U.S. because it is competitive 
and industry and AEC are working together to 
accelerate industrial use of radiation. Also sig- 
nificant for the 1960's is the atoms-in-space pro- 
gram’s burgeoning growth that is reminiscent 
of the nuclear navy’s growth of the 1950's. 


NUCLEONICS Marketing Reports 


NUCLEONICS Subscribers’ Survey 

A detailed profile study containing in- 
formation about NUCLEONICS sub- 
scribers in terms of their work, how 
they rate NUCLEONICS and the prod- 
ucts with which they are concerned. 


NUCLEONICS Markets 
A bi-monthly publication sent on re- 


quest to general management, market- 
ing, sales and advertising men who 
are interested in the nuclear market. 
Each issue contains a variety of useful 
marketing information. 

AEC Contract Awards’ This supple- 
ment to NUCLEONICS Markets lists 
description, contractor and amount 
of all AEC contracts over $25,000 


NUCLEONICS @ @ 


An expanding file of reports prepared 
by NUCLEONICS specifically for those 
interested in the nuclear market. Sub- 
ject categories include: General Market 
Data, Hot Laboratory Equipment, In- 
struments, Radiation, Reactor Compo- 
nents and Suppliers Lists. 


e 


A McGRAW-HILL PUBLICATION / 330 WEST 42ND STREET, NEW YORK 36, NEW YORK 
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WHICH JOB WOULD YOU TAKE? 


If you're like most of us, you’d take the 
job with the more tempting salary and 
the brighter future. 

Many college teachers are faced with 
this kind of decision year after year. In 
fact, many of them are virtually bom- 
barded with tempting offers from busi- 
ness and industry. And each year many 
of them, dedicated but discouraged, leave 
the campus for jobs that pay fair, com- 
petitive salaries. 

Can you blame them? 

These men are not opportunists. Most 
of them would do anything in their power 
to continue to teach. But with families 
to feed and clothe and educate, they just 
can’t make a go of it. They are virtually 


forced into better paying fields. 

In the face of this growing teacher 
shortage, college applications are ex- 
pected to double within ten years. 

At the rate we are going, we will soon 
have a very real crisis on our hands. 

We must reverse this disastrous trend. 
You can help. Support the college of your 
choice today. Help it to expand its facili- 
ties and to pay teachers the salaries they 
deserve. Our whole future as a nation 
may depend on it. 


It's important for you to know more about what 
the impending college crisis means to you. Write 
for a free booklet to: HIGHER EDUCATION, 
Bc x 36, Times Square Station, New York 36, N.Y. 


ym Co, st 
£ . ° HIGHER EDUCATION 
é Sponsored as a public service, 


in co-operation with the Council for Financial Aid to Education 


Yue < 
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ON GAMB 
HAN IT SPEN 


Tf you can find any Romans around, ask them. They lived 
pretty high on the hog in their day. That is, until some 
serious-minded neighbors from up North moved in. The 
rest is ancient history. 


You'd think their fate would have taught us a lesson. 


Yet today we Americans spend twenty billion dollars a 
year for legalized gambling, while we spend a niggardly 
four-and-a-half billion for higher education. Think of 
it! Over four times as much! We also spend six-and-a- 
half billion dollars a year for tobacco, nine billion dol- 
lars for alcoholic beverages, and billions more on other 
non-essentials. 


Can’t we read the handwriting on the wall ? 


Our very survival depends on the ability of our colleges 
and universities to continue to turn out thinking men 
and women. Yet today many of these fine institutions are 
hard put to make ends meet. Faculty salaries, generally, 
are so low that qualified teachers are leaving the campus 
in alarming numbers for better-paying jobs elsewhere. 


SING 


In the face of this frightening trend, experts estimate 
that by 1970 college applications will have doubled. 

If we are to keep our place among the leading nations of 
the world, we must do something about this grim situa- 
tion before it is too late. The tuition usually paid by a 
college student covers less than half the actual cost of 
his education. The balance must somehow be made up 
by the institution. To meet this deficit even the most 
heavily endowed colleges and universities have to de- 
pend upon the generosity of alumni and public spirited 
citizens. In other words, they depend upon you. 


For the sake of our country and our children, won’t you 
do your part? Support the college of your choice today. 
Help it to prepare to meet the challenge of tomorrow. The 
rewards will be greater than you think. 





It's important for you to know what the impending college crisis 
means to you. Write for a free booklet to HIGHER EDUCATION, 
Box 36, Times Square Station, New York 36, New York. 


‘4 t, 
=\z HIGHER EDUCATION 


Sponsored as a public service >| }- 


in co-operation u ith The Council for Financial Aid to Education 
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KEEP IT BRIGHT 
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OFFICIAL 
EXHIBITOR 
PROGRAM 


Prepared as a service to the nuclear industry 
by NUCLEONICS Magazine 







Meeting for the first time on the West Coast, a 
stronghold of the U. S. atomic industry, this 
year’s Atom Fair is nonetheless representative of 
the entire nuclear industry. This AtomFair is co- 
sponsored by the Atomic Industrial Forum and the 
American Nuclear Society, who are holding meet- 
ings during this Nuclear Week in San Francisco. 
Seventy-one exhibitors occupying 118 booths 
make for a comprehensive, useful exhibition. 





SCHEDULE 
Monday, December 12 - 10 am—6 pm 
Tuesday, December 13 _ 10 am—8 pm 
Wednesday, December 14 — 10 am—6 pm 
Thursday, December 15 — 10 am—8 pm 


ADVANCED TECHNOLOGY LABORATORIES 505 
A Division of American-Standard 
369 Whisman Road, Mountain View, Calif. 


Conducts research and development in atomics, electronics, mechanics 
and astronautics, especially in relation to the design and production 
of nuclear-reactor systems and instrumentation for reactor and missile 
tystems. Specialized custom products and services (including consulto- 
tion) in electrical and mechanical engineering, instrumentation, fluid 
mechanics, thermodynamics, mathematics, physics and metallurgy. 


See ad in this December issue of NUCLEONICS, p. 9! 


AEROJET-GENERAL NUCLEONICS 504 
San Ramon, Calif. 


Development of nuclear space power, mobile ground power, chemical- 
production reactors, and industrial-measuring equipment. Major pro- 
groms include: USAF’s 437-pound 300-kw SPUR space power reactor; 
U.S. Army/AEC’s ML-1 mobile nuclear-electric power plant; fission- 
recoil production of hydrazine for USAF; and high-speed radiographic 
inspection systems. Distributes standardized neutron-detection foils. 


AEROQUIP CORP. 205 
Marman Div. 
11214 Expositions Bivd., Los Angeles 64, Calif. 


Standard and custom-designed joints, couplings, flanges and duct as- 
semblies for extreme operating requirements; mechanical hardware for 
tube and pipe. 


See ad in this December issue of NUCLEONICS, p. 144 


ALLIS-CHALMERS MFG. CO. 314-316 
P.O. Box 512 


Milwaukee 1, Wis. 


Model display on Pathfinder project and current research on power and 
training reactors. Facilities for manufacture, design, construction, re- 
search and development. 


See ad in this December issue of NUCLEONICS, pp. 39, 41 


ANTON ELECTRONIC LABORATORIES, INC. 111 
1226-1238 Flushing Ave., Brooklyn 37, N.Y. 


Radiation-detection equipment including alpha, beta, gamma and neu- 
tron detectors, compensated and uncompensated ionization chambers, 
fission counters, completely transistorized portable ratemeters, rate- 
meter-scaler combination, air-particle monitors, portal monitors, hand 
and foot counters, specialized connectors and potentiometers. 


See ad in this December issue of NUCLEONICS, pp. 130, 131 


ATOM INDUSTRY 322A 
400 Madison Ave., New York 17,.N. Y. 


Presentation of the publication’s coverage of the scientific disciplines 
that span the atom and its attention to the entire field of nuclear- 
energy applications. 


ATOMIC ENERGY OF CANADA LTD. 
Commercial Products Div. 
P.O. Box 93, Ottawa, Ontario, Canada 


Gammacell cobalt-60 irradiation equipment; kilocurie cobalt-60 
sources; neutron sources; radioisotopes. 


See ad in this December issue of NUCLEONICS, p. 87 


212, 213 


ATOMICS INTERNATIONAL 
A Division of North American Aviation, Inc. 
8900 DeSoto Ave., Canoga Pork, Calif. 


Manufacturer of organic-cooled and sodium-cooled power reactors and 
solution-type research reactors. Exhibit describes facilities, technical 
experience and capabilities in the nuclear field; mode! of its Nuclear 
Field Laboratory will be featured. 


112-114 


THE BABCOCK & WILCOX CO. 217-219 


161 £.42 ST., New York 17, N.Y. 


Nuclear systems and components; steam-generating equipment; tabular 
products; soot-blowing systems; meters and controls ; electronics. 


See ad in this December issue of NUCLEONICS, p. 1 


BATTELLE MEMORIAL INSTITUTE 317, 318 


505 King Ave., Columbus 1, Ohio 

An endowed foundation that undertakes studies on a contract basis 
to serve the research needs of industry and government. Atomic-energy 
research and development facilities and experience include physics, 
materials, radiation and shielding, engineering and fuel processing. 


BIO-RAD LABORATORIES 412 
Isotope Div. 

32nd and Griffin Aves. 

Richmond, Calif. 

Stable and radioactive isotopes and isotope-labeled compounds, 
including deuterium, C'3, C!4, N!5, O17 and O!8. Heavy water sold, 
leased and reconcentrated. Chromatographic Materials Division recon- 
stitutes analytical-grade ion-exchange resins, nuclear-reactor resins. 


BAIRD-ATOMIC, INC. 413 
33 University Road, Cambridge, Mass. 


Counting instruments, pulse-height analyzers and detectors. 


S. BLICKMAN, INC. 403 
536 Gregory Ave., Weehawken, N.J. 

Units for handling radioactive materials including stainless-steel va- 
cuum dry box for handling radioisotopes in a controlled atmosphere, 
and safety enclosure for biological, chemical and radio active materials. 


THE BRUSH BERYLLIUM CO 407, 408 


5209 Euclid Ave., Cleveland 3, Ohio 

Display covers properties of beryllium metal and beryllium oxide:, 
various forms and shapes of both the metal and oxide, particularly 
those shapes with nuclear applications. 


CENTRAL RESEARCH LABORATORIES, INC. 415-508 


Red Wing, Minn. 

Line of master-slave manipulators, remote-handling tools and acces- 
sories including: Model 7 for low and intermediate-level work, Model 
8 for intermediate-to-high-level applications, Model A for particle-tight 
requirements, Model B for pool or canal grappling, and Model D to 
meet rugged-duty through-wall needs. 


See ad in this December issue of NUCLEONICS, p. 9 


CHARLESTON RUBBER CO. 320 
Stark Industrial Park, Charleston, §.C. 


Specially compounded dry-box gloves; lead-compounded gamma- 
shielding gloves; dual-thickness dry-box gloves for extreme flexibility; 
acid- and solvent-resistant gloves; protective coatings. 


See ad in this December issue of NUCLEONICS, p. 37 


COMBUSTION ENGINEERING, INC. 
Windsor, Conn. 

Manufacturer of core components; designer of reactor systems for test 
and research. Services for various nuclear applications. Design and 
fabrication of steam-generating equipment. 


304, 305 


CONTROLLED ATMOSPHERE ENCLOSURE CO. 515 
1061 E. 8th St., Jacksonville 6, Fla. 


Contamination shielding; atmosphere controls and enclosures; dry box- 
es, glove boxes and vacuum dry boxes used by laboratories engaged in 
nuclear operations as well as in metallurgy, chemistry and inert-gas 
welding. 





CORNING GLASS WORKS 306 
Corning, N.Y. 


Radiation-shielding glasses and windows, Pyrex drain lines, Pyrex 
filters designed for filtration of corrosive liquids. Also Cercor — thin- 
walled, cellular ceramic material for high-temperature applications 
and Pyrex E-C glasses designed for electrostatic-shielding applications. 
tions. 


DIAMOND POWER SPECIALTY CORP. 
A Subsidiary of The Babcock & Wilcox Co. 
P.O. Box 415, Lancaster, Ohio 


Design and manufacture of nuclear-power-plant specialty equipment: 
stud tensioners, power-and research-reactor control-rod drives, posi- 
tion indicators, closed-circuit television, woter samplers, water gages 
and internal components such as grid plates and fuel-handling tools. 


215, 216 


DUBLIN INDUSTRIES, INC. 210 
11824 Dublin Bivd., Hayward, Calif. 


Research and development organization, dedicated to the solution of 
problems encountered in environmental control and pure and applied 
research in the fields of nuclear and space sciences. Enclosure fabrica- 
tion — complete systems for the remote processing of highly radio- 
active, toxic and other materials requiring specialized environments. 


EBERLINE INSTRUMENT CORP. 405 
805 Early St., Santa Fe, N.M. 


Manufacturers of radiation-detection and -measurement instruments; 
engineering services pertinent to nuclear radiation. 


THE EDLOW LEAD CO. 322 
729 Bank St. (P.O. Box 1936), Columbus 16, Ohio 


Design and fabication of shielding components. Products include casks 
for the shipment of irradiated fuel, for shipment and/or storage of 
radioisotopes; disposal containers for radioactive waste; lead bricks, 
special custom castings. Additional design and manufacturing facili- 
ties in Denmark, England and Italy. 


CHARLES W. FOWLER CO. 525 


429 Southwestern Ave. 
Los Angeles 5, Calif. 


Manufacturers’ representative for: Victoreen Instrument Co., CBS Lab- 
oratories, Reuter-Stokes, National Radiac, Ray-Proof Corp. and Controls 
for Radiation. Products of these companies will be shown. 


GENERAL ASTROMETALS CORP. 414 
320 Yonkers Ave., Yonkers, N.Y. 


Integrated supplier of beryllium, beryllium flake, powder and semi- 
finished shapes such as rods and tubings. Nuclear poison strip and 
special refractory materials for nuclear and rocket applications. 


GENERAL ATOMIC 
Division of General Dynamics Corp. 
P.O. Box 608, San Diego 12, Calif. 


Nuclear research and development activities, including the High Tem- 
perature Gos-Cooled Reactor (HTGR) for central-station power, 

Maritime Gos-Cooled Reactor (MGCR), direct-conversion research and 
development, TRIGA reactors for training, research and ‘sotope produc- 
tion. Also research in controlled thermonuclear recctioris, nuclear 
power for space vehicles, advanced reactor concepts; txsic and applied 
research in nuclear physics, chemistry, metallurgy and engineering. 


See ad in this December issue of NUCLEONICS, p. 137 


512-514 


t 


GENERAL ELECTRIC CO. 


Atomic Power Equipment Dept. 

San Jose, Calif. 

and Aircraft Nuclear Propulsion Dept. 

Cincinnati, Ohio 

Nuclear instrumentation, cutaway models of capsule nuclear power 
plant and nuclear space auxiliary power plant, cutaway model of 
reactor used in direct-air-cycle tests — Heat Transfer Reactor Experi- 
ment No. 3. 


See ad in this December issue of NUCLEONICS, pp. 114, 115,117 


GENERAL MILLS 
Mechanical Div. 
1620 Central Ave. N.E., Minneapolis 13, Minn. 


Standard and custom-designed equipment for remote handling. Me- 
chanical arms adaptable for use in all environments and situations 
requiring remote manipulation. Technical and facilities-planning serv- 
ices. 


501, 527 


HAMNER ELECTRONICS CO., INC. 208 
Box 531, Princeton, N. J. 


Nuclear instruments and counting systems. 


See ad in this December issue of NUCLEONICS, 2nd Cover 


THE HARSHAW CHEMICAL CO. 406 
1945 E. 97 St., Cleveland 6, Ohio 


Standard integral and matched-window Nal(Tl) detectors; character- 
istic spectra for various isotopes taken with an 8-in.-dia. X 8-in.- 
thick Nal(Tl) crystal; cesium iodide and lithium iodide phosphors; pre- 
cision optics 


HARVEY ALUMINUM 
19200 S. Western Ave., Torrance, Calif. 


Producer of aluminum, titanium and zirconium. Complete range of 
zirconium mil! products for the nuclear industry, including: tubing, 
sheet, plate, strip, foil, wire, rod, bar, extrusions, forgings, impacts 
slab, ingot and billet. Aluminum and titanium commoditities for nu- 
clear applications. 


115, 116 


HUGHES AIRCRAFT CO. 419-421 


Florence and Teale Sts. Culver City Calif. 


Mobile remote-handling vehicle with closed-circuit TV that performs 
simple or complex tasks in a hazardous environment. Working demon- 
stration of charged-particle detector including a newly developed tran- 
sistorized pre-amp; other radiati ement instruments. Linear 
electron accelerators including o new compact linac. 


See ad in this December issue of NUCLEONICS, p. 93 





INSTRON ENGINEERING CORP. 
2500 Washington St., Canton, Mass. 


Two operating precision universal testing instruments for use in de- 
termining physical properties of materials. One model is designed for 
“in-cell’’ testing of irradiated materials, allowing programmed testing 
from remote-control console. Both hot-cell and table model equipped 
with X-Y chart drive, automatic integrator, program loading and 
crosshead control. 


502, 503 


ISOTOPE SPECIALTIES CO. 524 
A Division of Nuclear Corp. of America 

170 West Providencia 

Burbank, California 


Nuclear instruments, shipping containers, handlers, labelled com- 
pounds, rare-earth oxides and derivatives, consultation services. 


See ad in this December issue of NUCLEONICS, p. 87 


KAMAN NUCLEAR 309 
P.O. Box 3217 No. End Station, Colorado Springs, Colo. 


Pulsed neutron generators for activation analysis, reactor pulsing, oil- 
well logging research and college classroom demonstration and re 
search. Special gamma-ray densitometer. Experimental contract eudies 
in all phases of nuclear physics. 


KNAPP MILLS INC. 521 
23-15 Borden Ave., Long Island City 1, N.Y. 


“Insmetals’’ and Insmetal’’’ equipment to prevent escape of radiation 
includes shielding of nuclear ships. Transport of spent fuel; commercial 
power-reisctor shielding; radar and personnel shielding. Waste dispos- 
al. Insect and plant irradiators; student training irradiators; medical 
therapy equipment; hot-laboratory facilities. Lead bricks and extru- 
sions. “Raysist’’ putty. Consultants on shielding problems. 











LOCATIONS OF 


INDEX OF EXHIBITORS 


317-318 
319 
320 


Teleflex Inc. 

Permali inc. 

Techniques Nucleaires 

National Carbon Co. (Union Carbide Corp.) 

Oak Ridge National Laboratory (Union Carbide Corp.) 
Nuclear Data, Inc. 

Anton Electronic Laboratories Inc. 


Atomics International Div. of North American Aviation Inc. 


Harvey Aluminum Co. 
Technical Measurement Corp. 


U. S. Atomic Energy Commission 
Hamner Electronics Co., Inc. 
Turco Products, Inc. 

Dublin Industries Inc. 

Spencer Chemical Co. 

Atomic Energy of Canada Ltd. 
Pittsburgh Plate Glass Co. 
Diamond Power Specialty Corp. 
The Babcock & Wilcox Co. 
Westinghouse Electric Corp. 
Combustion Engineering Inc. 
Corning Glass Works 

The Victoreen instrument Co. 
Kaman Nuclear 

Lerma Engineering Corp. 

M & C Nuciéar Division of Texas Instruments inc. 
Pacific Coast Engineering Co. 
Allis-Chalmers Mfg. Co. 
Battelle Memorial Institute 
Mallinckrodt Nuclear Corp. 
Charleston Rubber Co. 


407-408 
409-411 
412 
413 
414 
415-508 
417 
418 
419-421 
501-527 
502-503 
504 
505 
506 
509-510 
511 
512-514 
515 
516 
517 
518 
519-520 
521 
522 
523 
524 
525 
526 


EXHIBITS . 


Tracerlab Inc. 

Edlow Lead Co. 

Atom Industry 

National Lead Co. 

Penberthy Instrument Co. 

S. Blickman, Inc. 

Radiation Counter Labs. Inc. 

Eberline Instrument Corp. 

The Harshaw Chemical Co. 

The Brush Beryllium Co. 

General Electric Co. 

Bio-Rad Laboratories 

Baird- Atomic, Inc. 

General Astrometals 

Central Research Laboratories 

United Shoe Machinery Corp. 

Nuclear Engineering Co., Inc. 

Hughes Aircraft Co. 

General Mills inc. 

Instron Engineering Corp. 
Aerojet-General Nucleonics 

Advanced Technology Laboratories 
Technical Associates 

Radiation Instrument Development Labs. 
Marion Laboratories Inc. 

General Atomic Division, General Dynamics Corp. 
Controlled Atmosphere Enclosures Mfg. Co. 
Kolimorgen Optical Corp. 

Reactor Experiments Inc. 

Packard Instrument Co., Inc. 
Syivania-Corning Nuclear Corp. 

Knapp Mills Inc. 

Nuclear Measurement Corp. 

The Landsverk Electrometer Co. 

Isotopes Specialties Division of Nuclear Corp. of America 
Charies W. Fowler Co. 

U. S. Nuclear Corp. 
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KOLLMORGEN CORP. 516 
347 King St., Northampton, Mass. 

Nuclear periscopes and remote-observation instruments featuring new 
modular “building block’ periscope, designed for use through walls 
and around obstacles in air, water or other environments. 


See ad in this December issue of NUCLEONICS, p. 45 


THE LANDSVERK ELECTROMETETER CO. 523 
641 Sonora Ave., Glendale 1, Calif. 

instruments for measuring radioactivity and X-rays; standard roentgen 
meters, personnel dosimeters, pocket chambers and analysis units. 


See ad in this December issue of NUCLEONICS, p. 44 


LERMA ENGINEERING CORP. 310 
53 Clark Ave., Northampton, Mass. 


Design and manufacture of Omniscopes and other remote-viewing op- 
tical instruments for hot cells, underwater inspection and observation of 
refueling operations.. Periscopes built in lengths up to 40 feet with 
variable powers, scanning and fields up to 180 deg. !/iuminated bore- 
scopes based on the Omniscope design with interchangeable high- 
power angle heads. 


MALLINCKRODT NUCLEAR CORP. 319 
3600 N. Second St., St. Louis, Mo. 

Enriched-vranium metal and uranium compounds; uranium carbide, 
uranium dioxide, urania-thoria solid solution and other compounds; 
high-density uranium dioxide pellets; also swageable-grade vranium 
dioxide. 


MARION LABORATORIES, INC. 511 
4500 E. 75 Terrace, Kansas City, Mo. 


Dosimeter consisting of one or more capsules containing a liquid and a 
bubble. Liquid can be designed so as to turn to a solid at any dose 
from two thousand to ten million rads; energy and dose-rate independ- 
ent, requires no trained personnel or auxiliary equipment for reading 


THE MARQUARDT CORP. 
16555 Saticoy St., Van Nuys, Calif. 


Nuclear-propulsion systems, nuclear-power systems, nuclear reactors, 
isotope applications, nuclear heat sources. Reactor components, control 
rods, rod materials and drive mechanisms, reactor-component testing. 
Safety studies; computer codes and consulting services. 


202, 203 


NATIONAL CARBON CO. 
Division of Union Carbide Corp. 
276 Park Ave., New York 17, N.Y. 
Nuclear-grade graphite for use in moderators, reflectors, thermal 
columns, shields, molds, and crucibles. Uranium-bearing graphite fuel 
elements in the form of tubes, spheres and rods. 


See ad in this December issue of NUCLCONICS, p. &, 4th Cover 


105, 106 


NATIONAL LEAD CO. 401 
111 Broadway, New York 6, N. Y. 


Uranium and thorium fuel elements — metal or oxide. Depleted-uro- 
nium gamma-shielding components. Lead shielding: slab, sheet, shot, 
brick, wool, powder (plain or polyethylene-coated) and custom fabrica- 
tions. Shielded casks, pigs and coffins for storing, handling or shipping 
tadioactive materials. Gamma-ray radiography service. 


NUCLEAR DATA, INC. 
911 Regent St., Madison, Wis. 


Transistorized 256-channel analyzer with punched-tape readout and 
reading equipment, dual buffer storage; dual-amplifier single-chan- 
nel analyzer; battery-operated 256-channe! analyzer; battery high- 
voltage supply. 


108, 109 


NUCLEAR ENGINEERING CO., INC. 418 
Pleasanton, Calif., and Newark, N.J. 


Radiation and toxic-waste disposal; decontaminotion and repair; pro- 


tective clothing; instrumentation; radiation-protection services. 


NUCLEAR MEASUREMENTS CORP. 522 
c/o Carl Hermann Associates 
P.O. Box 1179, Palo Alto, Calif. 


Latest design of an automatic scanning gamma-ray spectrometer. Com- 
plete monitoring system including an air monitor, an area monitor 
and a fluid-monitoring device. 


See ad in this December issue of NUCLEONICS, p. 100 


OAK RIDGE NATIONAL LABORATORY 107 
P.O. Box X 

Oak Ridge, Tenn. 

Picture display depicting the radioisotope program; small shipping con- 
tainers, sources capsules, etc., with appropriate literature. 


See ad in this December issue of NUCLEONICS, p. 138 


PACIFIC COAST ENGINEERING CO. 313 
Oak & Clement, Alameda, Calif. 


Design and fabrication for nuclear projects of heavy equipment such 
as: reactor vessels, cask assemblies, cranes, process towers, agitators, 
autoclaves, condensers, coolers, heat exchangers, lead-lined and -bond- 
ed shielding and containers. 


PACKARD INSTRUMENT CO.., INC. 518 
P.O. Box 428, La Grange, Ill. , 


A Tri-Carb liquid-scintillation spectrometer for automatic counting and 
printing of data on low-energy beta-emitting samples, to measure 
radioactivity in liquid or gas streams and quantitative gas chromatog- 
raphy fraction-collector systems for trapping and counting radioactive 
components. Transistorized nuclear measuring equipment; completely 
automatic gamma spectrometer system; manual scalers and gamma 
spectrometers. 


PENBERTHY INSTRUMENT CO. 402 
6701 Maynard Ave. 

Seattle, Wash. 

Manufacturers of lead glasses for radiation-shielding windows; other 
scientific glass specialties. 


PERMALI, INC. 103 
P.O. Box 718, Mount Pleasant, Pa. 


Neutron shielding, structural shielding material of type used on the 
G-2 Reactor, the Fast Breeder Reactor at Dounreay, and for biological 
shielding of the on-load refueler for AGR, Windscale; samples of stand- 
ard and boron-loaded neutron shielding. 


PITTSBURGH PLATE GLASS CO. 214 
One Gateway Center, Pittsburgh 22, Pa. 


Glass components for radiation-shielding windows of all types; fabri- 
cated windows and wall liners ready to install in wall openings; 
custom design and engineering services; complete installations. 


RADIATION COUNTER LABORATORIES, INC. 404 
5121 W. Grove St., Skokie, Ill. 

Manufacturer of 512-channel, transistorized pulse-height analyzers 
with digital readout. Transistorized small nuclear instruments such as 
scalers, count-rate meters and single-channel analyzers. 


See ad in this December issue of NUCLEONICS, p. 35 


RADIATION INSTRUMENT DEVELOPMENT 
LABORATORY, INC. 
61 E. North Ave., Northicke Ill. 


200-channel and 400-channe! pulse-height analyzers, linked with a 
low-background detection system and. with IBM typewriter printout; 
SCAMP printing-scaler system. Automatic spectrometer for alpha, beta, 
gamma and X-ray energy determinations. Special rack-mounted power 
supplies, transistorized scalers, pulse generators, scintillation counters 
and other radiation-detecting and -measuring devices. 

See ad in this December issue of NUCLEONICS, p. 119 


509, 510 





RAY PROOF CORP. 201 


843 Canal St., Stamford, Conn. 


Radiation-shielding materials and devices including: shielded doors 
and windows, hot-lab components, precise high-density concrete blocks 
and slabs, prefabricated hot cells; X-ray protection materials for medi- 
cal and industrial applications; r-f shielded enclosures. 


RCA SERVICE CO. 204 


Nuclear and Scientific Services 
Bidg. 204-1, Camden 8, N.J. 


Installation and maintenance service of nuclear and scientific instru- 
mentation; field engineering service in nuclear instrumentation, elec- 
tronics and ultra-high-vacuum systems; training devices such as simu- 
lators and technical publications. 


See ad in this December issue of NUCLEONICS, p. 7 


REACTOR EXPERIMENTS, INC. 517 
Box 133 — Sales Mart 
1485 Bayshore Blivd., San Francisco 24, Calif. 


Visiflux neutron-gamma irradiation facility for training in nuclear en- 
gineering and sciences; Flexorabbit — flexible pneumatic transfer tube 
for use with reactors and particle accelerators; series of activation foils 
for neutron howitzers; subcritical assemblies and reactors. 


See ad in this December issue of NUCLEONICS, p. 82 


RESEARCH EQUIPMENT CO. 119 


502 Sunnyside Ave., Wheaton, Ill. 


Radiation shielding windows, periscopes, light fixtures, rod runners 
and ring stands, filter-changing equipment, remote pipetter and trans- 


fer drawers 


SPENCER CHEMICAL CO. 211 
Nuclear Fuels Dept. 
Dwight Bidg., Kansas City 5, Mo. 


Producer of nuclear fuel moterials — ceramic-grade UO2 and other U 
and Th compounds in all enrichments and quantities. 


SYLVANIA-CORNING NUCLEAR CORP. 
Cantiague Rd., Hicksville, L. 1., N. Y. 


519, 520 


Plate-type fuel elements with alloy or cermet cores and aluminum or 
stainless-stee! cladding; sodium-bonded, uranium-molybdenum fuel 
pins. 


See ad in this December issue of NUCLEONICS, p. 141 


TECHNICAL ASSOCIATES 506 
140 W. Providencia Ave., Burbank, Calif. 


Manufacturers of radiation-measurement and nuclear-research instru- 
ments: automatic sample changers, gas-flow counter systems, low- 
level beta systems, scintillation detectors, spectrometry systems, - 
sonnel monitors, survey instruments, scalers, ratemeters, linear ampli- 
fiers, scanners, power supplies, analyzers, spectrometers, shields and 


source containers. 


See ad in this December issue of NUCLEONICS, p. 121 


TECHNICAL MEASUREMENTS CORP. 
441 Washington Ave., North Haven, Conn. 


117, 118 


256-channe!l pulse anolyzer with interchangeable plug-in logic; a 
complete line of radiation-measuring instruments. 


See ad in this December issue of NUCLEONICS, p. 85 


TECHNIQUES NUCLEAIRES 104 


82 rue de Montigny 
Argenteuil (S & O)}, France 


Specia!-purpose stainless-steel valves and components; polytetrafivoro- 
ethylene measuring and control devices; Gaflon for gaskets and occes- 
sories; bottles and beakers of Teflon; Gaflon vessels to ship corrosive 
liquids 


TELEFLEX INC. 101, 102 


Church Rd., North Wales, Pa. 


Supplier of subsystems for flux mapping, control-rod drives, source 
drives, valve controls, special mechanisms, in-core flux mapping and 
instrumentation systems. 


TEXAS INSTRUMENTS INC. 311, 312 
M & C Nuclear Inc. (A Subsidiary} 


P.O. Box 898, Attleboro, Mass. 


Fuel elements, core components and complete cores. Other products: 
castings, clad materials, dispersions, fabricated assemblies and shapes, 
foil, fuel rods, poison strips, tubing, wire. Production services: anneal- 
ing and heat-treating, assembly, brazing, casting, cladding, chemical 
milling, extrusion, machining, rolling, vapor blasting and welding. 
Materials research. Testing services: ng, chemical analysis, 
isotopic analysis, metallography and rondestructive testing. 


See ad in this December issue of NUCLEONICS, p. 2 


TRACERLAB INC. 321 
1600 Trapelo Rd., Waltham 54, Mass. 


Reactor-monitoring systems including newly designed units for continu- 
ous monitoring of airborne particulate radioactivity; conti moni- 
tors for radioactivity in liquids; single- and multiple-channel area- 
monitoring systems; precision linear counting-rate meters; precision 
automatic counting systems; radioanclytical services. 





TURCO PRODUCTS, INC. 209 
24600 S. Main St., Wilmington, Calif. 


Products and equipment used in the radioactive decontomination of 
hot cells, loops, dissolvers, process equipments, reactor components, 
buildings and protective clothing. 


UNITED SHOE MACHINERY CORP. 417 


Beverly, Mass. 


Design, development, manufacture and test of reactor components in- 
cluding hermetically sealed valves, control-rod drive mechanisms, 
fuel-handling systerns and seal-weld welding and cutting equipment. 


See ad in this December issue of NUCLEONICS, p. 99 


U.S. ATOMIC ENERGY COMMISSION 
Industrial Information Branch 
Washington 25, D. C. 


Display of technical information, products and services avcilable from 
the AEC. 


206, 207 


U.S. NUCLEAR CORP. 526 
80) N. Lake St., Burbank, Calif. 


Labeled compounds; industrial tracers and sources; irradiators. Shield- 


ing and handling equipment, portable survey instruments; film-badge 
and health-physics services. 


THE VICTOREEN INSTRUMENT CO. 
5806 Hough Ave., Cleveland 3, Ohio 


Designers and manufacturers of nuclear-radiation measuring and moni- 
toring equipment including dosimeters, survey meters, linear amplifiers, 
analyzers, scalers, count-rate meters, high-voltage supplies, multichan- 
nel analyzers and a complete line of reactor-control instrumentation. 
and medical-radiation instruments. 


See ad in this December issue of NUCLEONICS, pp. 52, 53 


307, 308 


WESTINGHOUSE ELECTRIC CORP. 301-303 


Three Gateway Center, Pittsburgh 30, Pa. 


Neutron detector tubes, fuel-rod mechanism, model of reactor core, 
fuel elements and other atomic exhibits. 


See ad in this December issue of NUCLEONICS, p. 89 





AMERICAN NUCLEAR SOCIETY SESSIONS 


MONDAY, DECEMBER 12 


9:00a.m. Critical Experiments 
Computer Codes and Numerical Analysis 
Nuclear Education 
Shielding 
Radiation Chemistry 
Fuel Reprocessing and Waste Handling 


Reactor Resonance Physics 

Reactor Mathematics and Computations 

Adsorption, Corrosion, Ionium Supply, 
Fuel Oxide Preparation 

Fuel Element Engineering 

Nuclear Space and Nuclear Rockets 

Radiation Chemistry 


TUESDAY, DECEMBER 13 


9:00a.m. Reactor Theory and Fuel Cycle Physics 
Reactor Engineering 
Division of Isotopes and Radiation Analysis 
Subcriticals and Reactivity Measurements 
Safeguards 
Reactor Dynamics and Stability I 


TUESDAY, DECEMBER 13 


2:00 p.m. Metallurgy and Fuel Manufacturing 
Isotope Applications 
Instrumentation 
Neutron Physics 
Heat Transfer and Fluid Flow I 
Reactor Dynamics and Stability II 


Experimental Neutron Thermalization 
and Spectra 
Reactor Physics Analysis I 
Reactor Descriptions and Operating Experience 
Theoretical Physics 
Chemistry of Nuclear Reactor Systems 
Heat Transfer and Fluid Flow II 


WEDNESDAY, DECEMBER 14 


2:00 p.m. Reactor Physics Analysis II 
Experimental Physics 
Radiation Effects 
Radioactive Waste Management and Disposal 
Remote Reactors and Reactor Concepts 


EIGHTH HOT LABORATORY AND EQUIPMENT CONFERENCE 


TUESDAY, DECEMBER 13 

9:00 a.m. 

Hot Laboratory Facilities and Hot Cells 
2:00 p.m. 

Hot Laboratory Facilities and Hot Cells 


9:00 a.m. 


2:00 p.m. 


WEDNESDAY, DECEMBER 14 
Manipulators and 


Operations and Techniques 


THURSDAY, DECEMBER 15 
9:00 a.m. 

Shielding and Experiments 

2:00 p.m. 

Gloveboxes , Specialized Equipment 


Viewing 


ATOMIC INDUSTRIAL FORUM ANNUAL CONFERENCE 


WEDNESDAY PM, DECEMBER 14 
Some Long-Range Opportunities and Problems 


AIF-ANS All Conference Banquet 

Speaker: 
The Honorable Chet Holifield 
Joint Committee on Atomic Energy 
U.S. Congress 


THURSDAY AM, DECEMBER 15 
Atomic Progress: Policy and Procedural Problems 
Atomic Nuclear Developments Abroad: Changing Patterns 


Noon: Luncheon Speaker: 
Francis K. McCune 
President, Atomic Industrial Forum 
Vice President, Engineering Service, 
General Electric Company 


THURSDAY PM, DECEMBER 15 
Nuclear Energy & Space Exploration 
Problems in Initiating a Power Reactor Project 


FRIDAY AM, DECEMBER 16 

Nuclear Energy and Space Exploration: Government 
Contracting Policies and Industry Participation 

The Nuclear Fuel Cycle: New Economic and Technical 
Factors 

Legal Problems in International Atomic Energy Contracts 


Noon: Luncheon Speaker: 
Robert McKinney 
Publisher, Santa Fe New Mexican 


FRIDAY PM, DECEMBER 16 
Advanced Nuclear Projects 
New Radiation and Radioisotope Applications 
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Reactor Siting and the Public 


ONE OF THE big advantages cited for nuclear power 
in earlier years was that the extreme concentration 
of energy in uranium permitted the building of reac- 
tors near load centers, obviating the need for long 
transmission lines. This was the basis for building 
the first generation of large power reactors near 
large cities. 

In recent times, however, the climate has changed 
to a more conservative one and it is questionable 
whether some of the first stations would be ok’d at 
their present sites. 

Several cases emphasize the new climate that 
exists: Enrico Fermi fast breeder near Detroit; Pt. 
Loma; Jamestown; and the N. Y. World’s Fair. 
The first three cases have been in the news—the 
Fermi case is currently before the U. S. Supreme 
Court; Pt. Loma, Calif., has already been rejected 
as a site for a process-heat reactor; and an in-town 
site for a pressurized-water reactor at Jamestown, 
N. Y., has been rejected by AEC with two out-of- 
town sites now being considered. 


THE FOURTH CASE has just come to light (see p. 
23) and may hold the most serious implications for 
the future of the nuclear industry. The AEC has 
rejected a proposal that a 10,000 kw(e) nuclear 
power plant be operated at the New York World’s 
Fair in 1964. The rejection was based on “ present 
technology and policies. ”’ 

If nuclear power plants of such size—or certainly, 
for that matter, much larger sizes—cannot be 
located in centers of population, the civilian nuclear 
power industry might just as well fold its tent. 


BuT THE FACT IS that no one yet has any con- 
clusive answers on the ultimate safety of any type 
of power reactor. Calculated risks have already 
been taken with power reactors that have been put 
into operation. In some of those reactor locations 
that have been turned down, the rejections have 
been based, in part, on subjective factors according 
to the pressures existing at the moment. 

It is obviously not within the capability of any 
one individual or group of people to say unequivo- 
cally that it is safe or not safe to build a reactor in a 
center of population. But because - many millions 
of dollars are being spent in the reactor field, it is 
important that prospective reactor owners and re- 
actor builders know whether the game is worth the 
candle. A determination needs to be made that 
certain types of reactors can or cannot be built in or 
near centers of population. If the philosophy of 
the AEC, implicit in the World’s Fair decision, is to 
be carried over to other projects, the industry needs 
to be told about this now. 

Assuming a determination is made that encour- 
ages building reactors in and near centers of popula- 
tion, the responsibility then falls on the shoulders 
of the industry to mount a substantial effort to 
create a favorable public attitude towards the build- 
ing of nuclear facilities throughout the U. 8. The 
facts need to be communicated to the public, and 
the industry must take upon itself the responsibility 
to see that no misstatements of fact are allowed to 
go uncorrected. For, no matter how safe reactors 
are, none will be built where the public won’t accept 
them. 
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Using 


By E. ALFRED BURRILL, High Voltage Engineering Corp., 
Burlington, Massachusetts 


and MALCOLM H. MacGREGOR,* Applied Radiation 
Corp., Walnut Creek, California 


ONE OF THE FASTEST-developing branches of radiation tech- 
nology is the use of Jaboratory neutron sources for nuclide 
activation, pulsing of neutron-multiplying lattices and basic 
neutron physics. Consequently a new interest is springing 
up about the properties and application of accelerators and 
the nuclear reactions that yield neutrons. 

Two kinds of neutron-producing reactions are available: 
those from positive-ion bombardment and those from elec- 
tron bombardment, (y,n reactions). The neutrons can be 
produced at many energies and are, therefore, appropriate 
for a variety of applications (1). 

Almost all branches of science are finding their own uses 
for accelerator neutrons. Physicists are applying acceler- 
ators to many sophisticated research problems including 
studies of very short-lived nuclides and neutron time-of- 
flight research. Chemists use them for neutron-activation 
analysis and production of radiotracers (see page 77). 
Engineers use them to pulse critical assemblies for reactor 
analysis. Biologists are interested in the effects of neutron 
irradiation. In medicine some types of neutron-irradiation 
therapy are becoming important, notably use of B!°(n,a)Li? 
reaction for alpha-particle irradiation of brain tumors. 

In weapons technology accelerator neutrons also have 
their use: simulation of nuclear explosions. If weapons 
testing is eliminated, accelerators may be important alter- 
natives for studying explosion effects on men and equipment. 


Reactions Used 


Neutrons can be produced by positive-ion bombardment 
on low-atomic-weight targets with energies as small as 50 
kev, or by electron bombardment on certain targets with 
energies >1.63 Mev. 

Positive-ion bombardment produces nuclear reactions of 
several types. From some of them come monoenergetic 
neutrons, and by selecting the appropriate reaction from this 
group the experimenter can have the neutron energy he 
chooses over a broad range of energies. From each of 
several other reactions one gets groups of neutrons at several 
different energies. Among the most useful reactions are: 

Be°(d,n)B'®; A large cross section makes this reaction the 
most prolific neutron producer in the bombarding-energy 
range above 1 Mev; groups of neutrons are emitted in the 
0.5-6-Mev range. 

H?(d,n)He‘: This is the best high-energy-neutron producer 
for bombarding energies <1 Mev; it yields monoenergetic 
neutrons in the 10—16-Mev range. 

H2(d,n)He*: The reaction is widely used for monoener- 
getic neutrons in the 2-6-Mev range. 

Li7(p,n)Be’: Most widely used for monoenergetic neutrons 
in the 30-500-kev energy range, this reaction has a threshold 
energy of 1.88 Mev. 


* Present Address: Institute for Theoretical Physics, Copenhagen, 
Denmark. 
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Accelerator Neutrons 


H*(p,n)He*: This is similar in usefulness to the Li’(p,n) Be’ 
reaction, but has smaller threshold energy (1.19 Mev) anda 
greater range of monoenergetic neutron energies (0.06-3 
Mev). 

Neutron yields and energies from these reactions are 
plotted in Figs. 1 and 2. Figure 3 gives the neutron spec- 
trum from the Be® reaction (2). 

Electron bombardment. Photodisintegration reactions 
yield neutrons with several energies in a broad continuous 
spectrum, peaked in the 1-2-Mev region. The electron 
beam from an accelerator produces X-rays from a high- 
atomic-number target; the X-rays in turn yield neutrons 
through electromagnetic interactions with nuclei. With 
adequate energy in the X-ray beam, any nuclide can be made 
The beryllium and ura- 
The deute- 


to undergo photodisintegration. 
nium reactions that follow are the most useful. 
rium reaction can serve as an alternate. 

Be*(y,n)Be*: Threshold energy—1.66 Mev. 

H2(y,n)H!: Threshold energy—2.20 Mev. 

Unst(y,n)U} 

285, v,f)U| 
uses the combined yields of the two reactions. 

Figure 4 shows neutron yields from the beryllium y,n and 
uranium y,n and fission reactions. The yield from the 
photodisintegration of the deuteron is similar to that from the 
beryllium reaction. A typical neutron spectrum from the 
photodisintegration reaction is given in Fig. 5. This plot 
shows that at greater bombarding energies, the tail of the 
neutron spectrum extends toward higher energies but that 
the neutrons do not have great relative intensities. 

Neutron intensity. The limitation in the neutron inten- 
sity produced by these nuclear reactions lies in the target- 
cooling problem. Ion sources and electron cathodes are so 
well developed that charged-particle beams of great power 
can be accelerated. Target life under this intense bombard- 
ment is often very short. One reason for this situation is 
that the very short range of the bombarding particles in 
solids confines the absorbed heat to a thin surface layer of 
the target material. Metallic targets withstand intense 
bombardment much better than adsorbed-gas targets (those 
in which hydrogen is present in the target and tube—see 
page 70 for details) and compressed-gas chamber targets. 

By moderating fast-neutron fluxes from the nuclear reac- 
tions outlined above, one can obtain thermalized neutrons. 
The moderating materials most widely used are hydrogene- 
ous—usually paraffin, polyethylene or ordinary water. As 
shown in Fig. 6, the thermal-neutron flux-distribution in the 
moderator depends on the initial energy of the neutrons. 
Moderating materials heavier than those listed are less effec- 
tive for concentrating the flux. 


Threshold energy—9 Mev; one normally 


Accelerator-Neutron Uses 


Accelerator-neutron sources have important applications 

in most areas of science and engineering. For example: 
Reactor engineering. Intense pulses of neutrons in sub- 
critical reactor assemblies permit studies of reactor kinetics, 
reactivity, neutron lifetime and reactor-component con- 
Neutrons must be available at the end of a 
(Continued on page 68) 


tamination (3). 
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FIG. 1. EXPERIMENTAL NEUTRON YIELDS from different beams, 
beam energies and target thicknesses 
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FIG. 2. NEUTRON ENERGIES from positive-ion reactions that 
accelerator operators use most often to produce neutrons 
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FIG. 3. NEUTRON SPECTRUM from Be%(d,n)B*° reaction 








Table of Neutron Sources— 








Installation 
Manufacturer! 
beam? 


1 NT-60-4 

2 Omnitron* 

3 NT-60-8 

4 Sealed Tube 

5 Sealed Tube 

6 NT-60-9 

7 Type l 

8 Type J 

9 Type S 
10 Type SP 
11 AN-400 
12 AN-1300 
13 KN-500 
14 AN-2000 
15 CN-6000 
16 KN-3000 
17 KN-4000 
18 EN-12000 (tandem) 
19 Dynamag-DY-3C 
20 Dynamitron PA-1.0 
21 Dynamag-DY-3E 
22 Dynamitron PA-1.5 
23 Dynamag-DY-3D 
24 Dynamitron PA-2.0 
25 Dynamitron PA-3.0 


‘ 96 Cockcroft-W alton 
27 Cockcroft-Walton 


aaa a Particles in 


‘Small Tubes 





Electrostatic Generators 





28 Cockcroft-Walton 
29 Cockcroft-W alton 


30 Cockcroft-Walton 


d 

d, p, a, t 
d, p 
d 
d, p 
d 


31 Cockcroft-Walton 

32 PIA 3-1* 

33 PIA 2-1 

34 Cascade transformer 

35 PIA 4-1} ARCO 

36 Cockcroft-Walton GE 

37 PIA 5-2§ 

38 PIA 5-18 farco 
39 LS-9 HVEC 
AO S-band Linac{] 

41 S-band Linac|| 
42 L-band Linac** 
43 L-band Linactt 
44 L-band Linac{t 
45 L-band Linac$§ 
46 Linac (V-7701) 
< 47 LS-21 

4B LS-42 


1 The meanings of the abbreviations of manufacturers and locations ar 
listed below. Footnotes are listed under these abbreviations. 

2d = deuteron; p = proton; a = alpha particle; t = triton; e = elec 
tron; e* = positron. 

* Beam energy for singly charged particles. 

ALI (Atomic Laboratories, Inc.) 
315, 1959. 

ARCO (Applied Radiation Corp.) 
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* Located at Sandia. 


Beam energy 
range (Mev) 


0.09-0.15 
0.04-0.14 
0.09-0.15 
0-0.15 
0-0.12 


0.05-0.15 
0.1-0.6 


0.1 


0.2-0.4 
0.3-1.3 
0.1-0.5 


0.75-2 
1-6 
1-3 
1-4 

2-12 
0-0.1 
0.1-1 
0-0.2 


d, p, He*, a 0.15-1.5 
0-0.15 


0.2-2 
0.3-3 
0-0.1 
0-0.1 


0-0.1 
0-0.15 


0-0.15 
0-0.15 


0.30-0.25 
0.03-0.35 


0-0.2 


0.05-0.7 


1 


0.05-0.2 
0.01-0.5 


3-12 
1-18 
2-32 
8-70 
35 
7-100 
130.5 
2-40 
3-33 
3-70 
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* Instrument is described in RSI, 30, 


t+ At LASL. 


Beam energy 

spread (kev)* 

beam power 

current (ma) 

Pulse length 
te (pps) 


Max. avg. 
© Pulse repetition 


o fa 


2.5 
2.5 


1.3 
<0.1 7-2 
2.5 2-2,500 
0.1-1 10-3,000 
0.1-1 10-3,000 
0.1-1 10-3,000 
0.1-1 10-3,000 
<1 10-200 
<1 10-3,000 
“<4 10-3,000 
<1 10-3,000 
<1 10-3,000 
<1 10-3,000 
<1 10-3,000 
<1 10-3,000 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 


0.5-2.5 


Ts 
oO 


5 § 


0-> 5,000 
0-200 


0.015t 
0.08 


0.1t 
0.80 
2 
500-1,500 
500-1,500 
500-1,500 
500-—1,500 
1-10! 
1-10*t 
1-10*t 
1-10*t 
1-10*t 
1-10't 
1-10*t 
1-108 


0.5 
0.5 
1 
0.15 
0.15 
1.5 
0.10 
0.05 


0.075 
0.3 
1 
0.06 
0.2 
0.75 
0.20 
0.25 
0.75 0.4 
1.6 0.4 
0.012 0.001 
1 10 
10 10 
10 
10 
10 


+ 407 
+ 40T 
+ 40T 
1 
| 
10 
15 
4.5 
2 
3 
0.2 


100—10° 
1—1,000 
100-104 
0-600 
100-10° 
1-1,000 
100-104 
0-600 
1,000 
1-10° 


‘1-104 
0.5-2.5 


0.5-2.5 
0.5-2.5 


10-200 { 


1-250 
1-10* 


0.2 


0.2 
0.3 


0.3 
0.3 


10—200 
1-250 

0.1-—2 

0.1-—2 


0.5-2.5 


0.5-2.5 
0.2 
0.2 
0.6 
0.2 


0.1 


0.6 


= 
oe) 
0.5-3 
0.5-5 
0.5-5 
0.1-4.5 
30 
0.1-4.5 





50-500 
1-800 
7.5-720 
1-720 
1-10 
7.5-720 
720 
1-360 
0.25-10 50-500 
0.01-10 50-500 


Atomic Research, Ames, Iowa. 
** At Yale University. tt At 


0.33 
0.16 
0.270 
0.8 


ro 
4 
3,100 35 
1,000 
1.4 
0.344 
0.29 
1 <3 


>48 
35 
8.7 
+700 21.0 
+ 1,000 65.0 1.55 <3 
~ At Army Chemical. § At Institute for 
© At Argonne. || At General Atomic. 
UCRL. {At RPI. §§ At NBS. 

GE (General Electric Co. 

HVEC (High Voltage Engineering Corp em from target. t +2 
with additional stabilization. {Also millimicrosecond pulsing as acces- 
sory. §5 em from target. {These are Van de Graaff accelerators. 
Van de Graaff is a trademark of HVEC. 
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°o 
= 
++ 


— — Max. avg. 
2 2 neutron yield 
(n/sec) 


10° 
2 X 108 
5 X 108 
10*-10"° 


a 
K 


2.5 X 10% 
2 X 10” 
2.5 X 10% 
2 X 10" 
~10" 
1012 


Max. useful 
2 /sec) 


avg. fast 
S cm 


— 
id 
w 
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x flux (n/ 
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1.23 X 10° 
107 
3 X 10° 
3 X 10" 


fast flux at1 
meter (n/ 
cm?/sec) 


Max. avg. 


28 


800 
1.6 X 10° 
4 X 10° 
8 X 10*-8 X 10° 


Max. aver- 
age ther- 
mal flux (n/ 
cm?/sec) 


taneous thermal 


Max. instan- 


(n/cm*/sec) 





2 X 107° 
6 X 10° 
2 X 104 
~10!? 
2 X 101° 
9 X 107° 
2 X 101! 
3 X 101! 
1012 
2 X 10” 
4X 10” 
3 X 101° 
2 X 10" 
10!2 
1.5 X 10% 
5 X 10” 
7 X 10" 
2 X 101% 
6 X 10% 


10" 
10!° 
6 X 10" 
3 X 10” 
101° 
9 X 10" 
6 X 10" 
3 X 10"! 
1.25 X 10% 
2.5 X 10'8 
5 X 10% 
3 xX 10” 
2 X 101! 
1022 
1.5 X 10%? 
5 X 10" 
7X 1 
2 X 10% 
6 X 10'% 


1.6 X 10° 
5 X 108 
6 X 10° 


2x 1 
3 X 10°* 
2x 16 
2 X 10°* 
2x 190” 
4X 101°* 
8 X 101°* 
6 X 105* 


1.6 X 10° 
5 X 10 
6 X 10° 


8 X 104 
1.2 X 105 
8 X 10° 
8 X 10° 
8 X 10° 
1.6 X 107 
3 X 10’ 
2.5 X 10° 


2 X 10’ 

3 X 10° 

2 X 10° 
10° 

5 X 10° 
101° 

2 X 10" 
108 


1.3 X 10’ 
3 X 10° 
6 X 108 

10° 

6 X 10"° 

10" 
2 X 10" 
10 


coos ouhwnw — 





15 
15 


1.7 X 10% 
1.7 X 10'° 


1.7 X 10%° 
4 X 101° 


4X 10" 


4X 10% 
>10'° 
3 X 101! 
~10!2 


2.4 X 10" 


~10#2 
> 10! 
> 10! 


1.7 X 10%° 
1.7 X 10"° 


10?" 
4 X 10° 


4 X 10" 
3 X 10" 


1.3 X 10° 
1.3 X 10° 


1.3 X 10° 
3.2 X 10° 


3.2 X 10° 


3.2 X 10° 
> 10° 
107 
~10' 

10? 


108 
10* 


1.3 X 105 
1.2 X 105 


1.3 X 105° 
3.2 X 105 


3.2 X 10° 
3.2 X 105 


2 X 107 
2 X 107 


3 X 10? 
5 X 10’ 


5 X 10? 


5 X 10° 
10° 

>10° 

~10° 
10° 


10? 
10’ 





185 

600 

300 
2,000 
1,000 
2,000 


0.002 
0.0016 
9 X 10 
0.0016 
3 X 10 
0.0016 
0.002 
0.0018 
0.005 
0.005 


600 
200 
340 


0.33 
0.1 
0.27 
0.08 


0.085 
0.16 


1 
1.55 


2 X 10"! 
0.6 X 10° 
~1018 
1.5 X 10" 


2 X 10! 
2.1 X 108 


4X 101% 
1.5 X 10" 


1014 
4 xX 10" 
~2 X 10'* 
2 X 10!’ 

1017 
4X 10" 


12x 2 
8 xX 10% 
3 X 10'° 


Kaman Nuclear (Division of Kaman Aircraft Corp.) 


6 X 10*§ 
~10° 
2 X 10"! 
3 X 10” 


4X 10" 


1.2 X 10"§ 
5 X 10"§ 


1.6 X 10° 
8 X 10" 
4X 10" 
4X 10% 
2 X 1035 
8 X 105 


1.7 X 108 
7 X 10% 
2.5 X 10"! 


~10° 
10° 

~10" 

~10"3 


~101° 


~5 X 10" 


t 
<300 
<750 


t Accelerator at ordinary stability: 6 kev; accelerator at high stability: 


0.1 kev. Yt Accelerator at ordinary stability: 4 kev; accelerator at high 
stability: 0.3 kev. 

SWSC (Schlumberger Well Surveying Corp.) 

TNC (Texas Nuclear Corp.) * This may approach 1.0. This is con- 
sistent with the resolution required. 

Varian (Varian Associates) *In 5 psec pulses. t Costs on request. 


NAPC (North American Philips Co., Inc.) * Tube developed in 
Philips Research Laboratory, Eindhoven, Netherlands. t Depends on 
high voltage supply ripple.  t Normal operating conditions. § Defined by 
max. average target loading. See max. average beam power listing. 

RDI (Radiation Dynamics, Inc.) 

SAMES (Société Anonyme de Machines Electrostatiques) * Acceler- 
ator at ordinary, stability: 3 kev. Accelerator at high stability: 0.3 kev. 
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from X-rays produced in electron bombardment of large-atomic- 
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FIG. 6. THERMAL-NEUTRON FLUXES in paraffin depend on initial 
neutron energy. Thermal neutron yield is plotted as a function of 
distance from source in moderator. Absolute magnitude of Li’ 
curve is low by factor of ~2.5 because smaller moderator was 
used than for other curves 
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long, small-diameter extension so that the neutron source 
can be inserted into the reactor assembly. The neutron 
source should also be mobile since the same pulsed acceler- 
ator must sometimes be transferred from one assembly to 
Variation in pulsing modes is an additional con- 
Pulses shorter 


another. 
sideration for neutron-source applications. 
than a few hundred microseconds are adequate unless the 
reactor assembly is near criticality; then one needs short 
pulses with long time intervals between bursts and the num- 
ber of neutrons per burst rather than the rate of production 
during the pulse is the important criterion. 

Nuclear-explosion simulation. Political 
moratorium on nuclear explosions and the desirability of 
making related observations under controlled laboratory 
conditions has led to the use of accelerators for simulating 
certain effects of nuclear explosions. All accelerators can 
be adapted to provide neutrons in a short intense burst with 
approximately the right energy spectrum. 

The requirements of expansive programs in bomb-simula- 
tion has pushed accelerator technology to its frontiers. The 
neutron intensities in each pulse are hundreds of times 
greater than those normally experienced in the physics re- 
search laboratory. For neutron output above certain limits 
the required pulses are obtained by sheer brute force in 
accelerator design, involving tens of megawatts of peak 


interest in a 


power in the accelerated beam. 

Neutron activation. Both thermal-neutron 
neutron activation can yield millicurie quantities of short- 
Often these nuclides cannot be procured 


and fast- 


lived nuclides (4). 
from normal sources because the half-lives are too short to 
survive transportation delays. 

The effectiveness of these neutron sources depends pri- 
marily on their intensity because nuclide activation is pro- 
portional to the neutron flux and irradiation time. For 
nuclides with very short half-lives this is particularly true 
because irradiation times that last beyond a few half-lives 
produce no further net activation. 

One can carry out nuclide analysis by neutron activation 
with relatively small accelerators (6). With neutron fluxes 
of 107-10'® n/em?/sec one can detect minute concentrations 
of many nuclides in the parts-per-million range. The suc- 
cess of this technique depends on the isotopic constitution 
of the material to be analyzed, the sensitivity required and 
the cost of the neutron source. 

Biological research. Of great importance to research in 
biology are controlled beams that are well collimated and 
homogeneous in energy (6). Neutron-output intensity also 
shortens exposure times to tolerable limits, and with pulsed- 
neutron beams biologists can explore the possible recovery 
times of the organism under study. 

Some reactors (e.g. the one at M.I.T. and Brookhaven 
National Lab.) provide thermal fluxes of neutrons for irradi- 
ating boron-injected Now medical re- 
searchers are considering accelerators for this because neu- 


brain tumors. 


tron-producing targets are easily accessible and accelerator 
systems can be made available near the operating room. 


BIBLIOGRAPHY 


. B. T. Feld. The neutron, in “Experimental Nuclear Physics,"’ vol. 2, 
p. 357 (John Wiley & Sons Inc., New York, 1953 

2. A. I. Shpetney. Energy and angular distribution of neutrons emitted in 
the Be*(d,n) B** reaction, J. Exp. Theoret. Phys. U.S.S.R. 6, 357 (1957) 

. L. B. Borst. Subecritical Reactor in a Pickle Barrel—NYU's training tool, 
NUCLEONICS 14, No. 9, 66 (1956 

. “ Activation Analysis with Van de Graaff Neutr 
Bulletin AA (July, 1960) 

5. V. P. Guinn, C. Wagner. 
Anal. Chem. 32, 317 (1960) 

. H. L. Andrews. Accelerators in biology and medicine, Nuclear Instr. 
Methods 6, 96 (1960) 


on Sources,”” High Voltage 


Instrumental neutron activation analysis, 


December, 1960 - NUCLEONICS 





Neutrons from Small Tubes 


Here and on the following pages three companies describe the 
neutron source tubes that they are manufacturing. These tubes 
fill a need for neutron users who, in the past, have depended 
mainly on tiny, weak isotopic sources (10*%10' n/sec) or bulky, 
expensive reactors (10'*-10'4 n/cm?/sec). Alongside acceler- 
ators, the tubes, using the d-t reaction to produce 14.3-Mev neu- 
trons, occupy an intermediate place in yield, size and expense 
between isotopic sources and reactors. 

As compared with isotopic sources, tubes offer the advantage 


that they can be pulsed (pulses as short as 1 psec), and they 
yield many more neutrons (10%-10" n/sec). Since the tubes 
are small, they can be used for many of the same applications as 
isotopic sources. As compared with reactors, the tubes are 
portable, cheaper, simpler to operate, and they do not need the 
extensive safety regulations necessary in reactor operation. As 
compared with laboratory accelerators, the tubes offer somewhat 
smaller yields (accelerators make 108-10"4 n/sec), and they are 
smaller and considerably cheaper. 


enge e a * 
|. Phillips Tube: Continuous or Pulsed Operation 
By OTTO REIFENSCHWEILER, Phillips Research Laboratories, Eindhoven, Netherlands 


A SEALED neutron-generator tube, developed by us over the 
past years is designed to meet the growing needs of neu- 
tron physics in science and engineering. The tube uses the 
d-t reaction to produce 3 X 10* n/see during continuous 
operation. When adapted for pulsed operation, it yields a 
peak output of 3 X 10'°n/see. The tube contains a Penning 
ion source, a 100-200-kv accelerating system, a replenisher 
that keeps the pressure within the tube constant, and a 
titanium-tritium target that is self-replenishing and, there- 
fore, does not limit the lifetime of the tube. 


Main Design Features 


In general layout, our experimental glass-and-metal sealed 
tubes resemble X-ray tubes. Ions supplied by a Penning 
source accelerate in a single stage up to voltages of 100-200 
kv. On striking a target, they generate 14-Mev neutrons. 

The metal tube consists of a cylinder 42-cm long, 5-em 
diameter housing ion source, accelerating electrode and tar- 
get. A glass cone provides high-voltage insulation, and a 
silicone-rubber plug connects the negative potential. A 
compact, rugged neutron tube of simple construction results. 


lon Source 


To solve the tube-construction problem created by the 
need of having the same gas pressure in the ion source and 
accelerating system, one must use a source that works at 
relatively low gas pressure and an accelerating system that 
works at a relatively high one. Our Penning source (2-5) is 
simple and robust and satisfies the first requirement. 

Because the average length of the electron paths is many 
times greater than the geometrical dimensions of the tube, 
the Penning discharge operates at low gas pressures. The 
electrons swing back and forth inside the potential trough 
formed by the two cathodes K and the anode A (Fig. 3). A 
magnetic field with the same direction as the axis of dis- 
charge prevents charged particles from escaping and diffus- 

walls and forces the electrons into helical paths. 
average distance traveled by the electrons is much 
distance between the electrodes, ionization 


ing to the 
Since thi 
longer than the 


opportunities are greater and the discharge maintains itself 


under a much lower gas pressure than an ordinary glow dis- 


uuld. Jon penetration into the electrodes and the 


charge we 


] 
s resu 


tube wal ts in gas cleanup. 


We hav our ion-source design to the require- 


adaptea 


report on this work at an earlier stage was given in a 
ted at the Deutsche Physikertagung, 1937 (1). 
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_FIG. 1. NEUTRON TUBE contains sealed tube (bottom) that goes 
inside metal case (top). Thin cable feeds ion source and replen- 
isher; thicker cable (middle) carries target potential 


ments of a sealed high-voltage tube. A small permanent 
magnet inside the source chamber supplies the magnetic 
field. We apply a potential of a few kilovolts to the cylin- 
drical anode through a ceramic insulator in the wall of the 
ion source. Because the soft-iron walls effectively contain 
the magnetic field, they completely screen the accelerating 
space from it. This is essential because a magnetic field in 
the gap would make it difficult to prevent breakdown. 

The Penning source supplies mainly molecular ions, but 
we accept this disadvantage in view of advantages of the 
source: long life, robustness and simplicity. 


Accelerating System 


After the ions leave the source, they enter the field-free 
space within the accelerator electrode in the form of a narrow 
divergent beam with an aperture angle of ~0.1 radian. 

We investigated the shape of the ion beam with a specially 
made experimental tube that used the same accelerator elec- 
trode as the sealed tube. Experiments with different accel- 
erating voltages and different voltages on the ion source 
showed that the aperture angle of the ion beam is mainly 
determined by the electron-optical properties of the lens 
formed by ion source and accelerating electrode. It is not 
affected by space-charge repulsion or by collisions between 
ions and gas molecules. 

If the ion source is far from the accelerator electrode, 
there is a greater probability that electrons will cause ioniza- 
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tion in the accelerating gap. This would result in a drop in 
breakdown voltage. These conditions are appropriate to 
the left side of a Paschen curve (distance increase between 
electrodes causes drop in breakdown voltage). Nor must 
the interelectrode space be too small since this causes field 
emission from the negative electrode. We found that 1 cm 
is a good separation for high-voltage electrodes. If, how- 
ever, we mounted the target at this distance, the neutron 
yield would be extremely small since the impact of the con- 
centrated ion beam would cause the target to heat up and 
emit tritium in a restricted area. In view of this we de- 
signed the accelerator as a hollow electrode inside which the 
target can be set at any distance from the ion source. To 
prevent secondary electrons from getting into the acceler- 
ating gap, the cap-shaped electrode is rounded. 

To avoid field emission we chose the materials and surface 
properties for the electrode carefully. We found that chro- 
mium steel used in X-ray tubes gives good results. Since 
we fitted most of the experimental glass tubes with an oil 
jacket ~1 cm thick around the accelerating gap, the tube 
stands up better to high potentials. 

Because of the specialized design of our ion source and 
accelerating system the ion source can strike at ~1 kv. In 
the experimental glass tube, the accelerating system operates 
at voltages up to 200 kv—a voltage that can be held through 
a pressure range of 10-42 K 10-2 mm Hg. 

Different variations on the basic electrode combination 
of ion source, accelerator electrode and target can be made. 
In one variation, we have placed the target at the end of the 
tube (Figs. 1 and 2). We have built this tube in a cylindri- 
cal metal casing with an outer diameter of 7 cm. As in 
X-ray tubes, the space between the tube and casing is filled 
with plastic insulating foil and oil. 
apply high voltage. The tube, which operates very stably 
at 125 kv, will be available shortly as a production item. 


A cable and special plug 


Replenisher 


If the tube were merely filled with deuterium, gas cleanup 
in the discharge would quickly exhaust it. 
for this we mount behind the ion source a replenisher of 
zirconium wire spiraled around a tungsten wire. Zirconium 
absorbs hydrogen and releases it when heated. Before the 
tube is sealed off, the zirconium wire is saturated with 
deuterium. By varying the voltage across the zirconium 
filament, it is easy to adjust the pressure inside the tube. 
The pressure then remains constant for long periods of tim: 


To compensate 





(Since discharge current in the ion source is a measure of 
tube pressure, we use the ion-source current to control re- 
plenisher voltage and thus automatically stabilize gas pres- 
sure.) The replenishment process is reversible (it releases 
and absorbs hydrogen equally well), and therefore it 
lengthens the life and ease of tube operation. 


Target Assembly 


The lifetime of neutron tubes with conventional tritium 
targets is limited to the life of the target (6). We overcame 
this limitation by using a self-replenishing target. 

Drive-in targets (self-loading targets) like those investi- 
gated by Fiebiger (7) in connection with the d-d reaction 
offer one possible solution. If a metal plate is bombarded 
with deuterons of several hundred kilovolts, the plate gradu- 
ally turns into a deuterium target that produces neutrons by 
the d-d reaction. Fiebiger got his highest neutron yield 
with this method for metals with small diffusion coefficients 
for hydrogen; gold gave four times that from titanium. 

In view of Fiebiger’s work, we concluded that an equal 
mixture of tritium and deuterium in the tube would make a 
simple and effective self-loading target for the d-t reaction. 
Once established, saturation of the target maintains itself 
throughout the life of the tube. Moreover there is no drop 
in the neutron yield as long as the replenisher system checks 
gas cleanup. One disadvantage is that the neutron yield is 
about a third that from deuteron bombardment of a tritium- 
filled target. The advantage of constant output and long 
life, however, outweighs this drawback. 

Titanium-tritium targets. When Fiebiger concluded that 
metals with low diffusion rates give the greatest neutron 
yields, he did not consider hydrogen occlusion, which is con- 
siderable in such metals as titanium, and zirconium (8). 
Moreover he used thick titanium and zirconium plates; 
therefore, deuterium diffused from the reaction region into 
the metal and saturation was not attained. This difficulty 
can be solved by using a material with a small hydrogen 
diffusion coefficient as base and applying to it a thin layer 
of material with a high diffusion coefficient that is also very 
absorptive to hydrogen. This layer fills up with hydrogen 
isotopes and becomes saturated fairly quickly because the 
hydrogen isotopes do not diffuse into the base. 

Our investigations show that titanium is a particularly 
suitable material for such a self-loading target. Since its 
atomic stopping power is smaller than that of gold, titanium- 
plated drive-in targets have a greater neutron yield than 
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FIG. 2. SEALED GLASS TUBE has oil insulation. lons from source 
enter accelerating electrode where they strike target and release 
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Target 


neutrons. Replenisher, which releases and absorbs gas, keeps 


pressure constant 
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trons oscillate and spiral around magnetic field lines. Since 
electron paths are many times longer than geometric dimensions 
of tube, Penning discharge operates at low gas pressure 


gold ones with the same atomic ratio. We used silver, which 
combines a low diffusion coefficient for hydrogen with large 
thermal conductivity, as the base. The layer (~1 micron 
thick) was deposited by vacuum evaporation. 

When we used a beam current of 100 wa and an acceler- 
ating voltage of 125 kv, the saturation yield from our tita- 
nium-plated target was about three times that from a gold 
target and more than ten times that from Fiebiger’s tita- 
nium target. We gota yield of 2.4 X 108 n/sec. 

Our Ti-plated drive-in targets stand up better to high 
temperatures than all-gold ones. According to Fiebiger’s 
measurements, the saturation yield from a gold target falls 
off steeply at temperatures above 150° C, while Ti-plated 
targets are still stable at 200° C. Self-loading targets im- 
pose no limitations on the temperature at which the tube can 
be baked out because the isotopes are introduced by bom- 
bardment after the tube is sealed off. 


Neutron Yield 

Our self-loading targets yield 2.4-3 X 10° n/sec for an 
accelerating voltage of 125 kv and an ion beam current of 
100 wa. Electrons produced by the ion beam and thrown 
back by the accelerating field make up part of the current 
through the tube. Measurements of the ion current by 
calorimetry and by measurement of the X-radiation pro- 
duced by the reverse electron stream showed that ions are 
responsible for ~80% of the current through the tube. 

To determine an absolute value of the neutron yield, we 
used the Cu®(n,2n)Cu® reaction to activate copper and 
then measured the positron activity of the Cu® with a G-M 
tube. Figure 4 shows the calculated and experimental 
values of neutron yield as a function of accelerating voltage. 


General Performance 

Up to now, we have life-tested one experimental glass 
tube for 200 hr at an output of 2 108 n/sec; there was no 
fall-off in performance at the end of this time. We have 
also operated this tube at ambient temperatures up to 120° C 
without any drop in yield. Adjusting the gas pressure, ion- 
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source voltage and accelerating voltage controls neutron 
yield. The neutron output is automatically stabilized. 

As already stated, the experimental glass tube operates at 
voltages up to 200 kv and at pressures from 10~‘ to 2 X 107? 
mm Hg. We find that pressures of some thousandths of 1 
mm Hg are most favorable; at greater pressures sputtering 
starts and there is increased isk of arcing. By using volt- 
ages and beam currents exce..’.. ~ the usual values, we’ve 
gotten yields of 8 X 10° n/sec for long periods and of more 
than 10° n/sec for short periods. Target cooling should 
make this latter yield possible for longer periods. Yields 
three times as great are possible with pure tritium targets in 
deuterium-filled tubes, but the life of these tubes is limited 
to a few hundred hours. 

Pulses. By pulsing the ion-source voltage, we can gener- 
ate neutron pulses with our tube. Preliminary experiments 
by C. W. Elenga show that we can get neutron pulses with a 
minimum pulse length of 5 usec. Under pulsed operation 
we reached the same mean neutron output as under d-c 
operation. With a duty cycle of 1% a maximum neutron 
output of 3 X 10° n/sec during the pulse results. 

* * + 


I wish to thank A. C. van Dorsten and Dr. K. Nienhyis for their 
interest in this work and Mr. Schenkelaars for helping with the 
experiments 
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FIG. 4. NEUTRON YIELDS, both calculated and experimental, 
are plotted for titanium targets. Curves 1, 2 and 3 come from 
effective d-f reaction cross section (9, 10) and titanium power 
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ll. Schlumberger Tube: For Oil-Well Logging 


By ARTHUR H. FRENTROP and HAROLD SHERMAN, Schlumberger Well Surveying Corp., Ridgefield, Connecticut 


AN ACCELERATOR NEUTRON souRCE, substituted for the 
radioactive ones usually used for oil-well logging (1), offers 
several advantages: greater source strength, decreased 
safety hazard, monoenergetic neutron output and increased 
information from pulsed operation. To satisfy the needs of 
this application we have developed a compact neutron- 
generator tube that is intermediate in yield and size between 
radioactive sources and previous laboratory neutron sources. 
Design requirements of long life, low power, portability and 
operational simplicity have been demonstrated in construc- 
tion and test of more than 500 tubes. 

Applied power of 25-30 watts will produce more than 
10° neutrons/sec in either continuous or pulsed operation at 
temperatures as great as 145° C and for periods at least 
longer than 100 hr. Neutron yield [from the H*(d,n)He‘ 
reaction] is 20-30% of that predicted for a 20% monatomic 
mixed deuterium-tritium ion beam incident on an initially 
gas-free carbon target. 

To satisfy borehole instrument requirements, an accelera- 
tor has to be within a cylindrical geometery of 5-10 em 
diameter, consume not more than 100 watts of power, 
operate without manual adjustments through 15,000 ft of 
control cable and be unaffected by temperatures up to 150° C 
with a life expectancy of ~50 hr at rated neutron output. 
Our three-component accelerator system developed to meet 
these well-logging requirements includes a source tube, a 
high-voltage supply, and an electronic control circuit. 

Unique features of stability, ease of control and yield 
constancy have been achieved. For short periods of opera- 


tion d-c yields of 10° n/sec have been realized. In addition 
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FIG. 1. COMPACT SEALED TUBE has 1.2-in. diameter, 11-in. 
length. Tube base makes eiectrical connection to ion source and 
gas generator. Terminal forming part of tube envelope makes 
connection to suppressor electrode 
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to oil-well logging, it has also been used successfully as a 
general laboratory source, in subcritical reactor experi- 
ments, and for the production of short-lived radioisotopes. 


Design Considerations 


Because of geometric, power, yield, and control require- 
ments, three basic design problems had to be overcome. 
First, since conventional vacuum pumps would require too 
much power and space, the tube must be sealed and operated 
at a uniform pressure. The pressure must be great enough 
to permit gas ionization in the ion source but low enough to 
prevent gas breakdown in the high-voltage accelerating re- 
gions. Second, gas pressure in the tube must remain 
constant and pressure surges must be rapidly and auto- 
matically accommodated to assure operational] stability and 
prevent breakdown. Third, the target must be unaffected 
by tube-fabrication procedures or long-term bombardment 
so that neutron yield will remain constant during extended 
tube operations. 

These problems were solved by using (1) a PIG (Philips 
Ionization Gage—see page 69) ion source and a close-spaced 
accelerating electrode geometry, (2) a metal hydride for gas 
pressure control, (3) an impacted target continuously re- 
(4) methods of 
fabrication such that stable, 16ng term operation in a clean, 


plenished by a mixed-isotope ion beam and 


sealed-off system are assured during long or high-tempera- 
ture operation. 


Construction 


Experimentation led ultimately to vacuum tubes like that 
shown in Fig. 1. Within the 1.2-in.-diameter, 11-in.-long 
borosilicate glass envelope are contained gas generator, ion 
source, accelerating gap, secondary electron suppressor and 
target electrode. The target electrode protrudes outside the 
envelope for connection to a high-voltage supply via a heat 
sink, resulting in an over-all length of 12.5 in. A 2-in.- 
(not shown) is 
mounted coaxially with, and centered about, the ion source. 

The device is baked, evacuated, and back-filled in accord- 
ance with contemporary ultra-high-vacuum practice. 

Four major structural units comprise the tube: the glass 
envelope, the gas-generator—ion-source “‘gun,’’ a secondary- 
electron-suppression electrode, and the target assembly. 
The envelope is made by shrinking selected tubing on a 
stainless-steel, graphite-coated mandrel. The gun is a 
spot-welded assembly, built on an 8-pin wafer stem in a 
manner similar to cathode-ray-tube gun structures. The 
The target rod is a copper rod 


diameter, 3-in.-long cylindrical magnet 


suppressor is a nickel cup. 
brazed to a Kovar metal cup which is in turn sealed to the 
tube envelope. All incidental supports, shields and connec- 
tions are thin wires or sheet of nickel or molybdenum. 

lon source. Our PIG 
cylindrical anode centrally disposed along the axis formed by 
One cathode and its sup- 
port are made of molybdenum to withstand bombardment 


cold-cathode ion source has a 


two cathodes as shown in Fig. 2. 
by energetic electrons from the high-voltage regions. Ions 
leave the source through a second nickel cathode thick 
enough to concentrate magnetic flux from the external 


magnet and produce a field strength of 500-600 gauss in the 
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region of ionization. Both cathodes are maintained at 
ground potential; that is, at a nominal 1 kv negative with 
respect to the anode. Ceramic spacers provide insulation. 

The PIG source has the inherent advantages of simplicity, 
reliability, power and low-pressure operation. Its 
major disadvantage is that the emergent ion beam has a low 
monatomic to diatomic ratio, which we estimate to be 0.2 or 


low 


less in this particular source. 

Accelerating gap. In a conventional particle accelera- 
tor, ions are accelerated to the target through an evacuated 
tube or “stack” several feet long. The stack is generally a 
series of accelerating electrodes interspersed with insulators 
along which the total high voltage is applied in a series of 
small increments. Continuous evacuation of this structure 
minimizes high-voltage breakdown and reduces the possi- 
bility of collisions between beam ions and gas molecules along 
Borehole space limitations preclude the use 
of vacuum pumps to evacuate a stack. Therefore, at the 
comparatively high uniform pressure required for optimum 
ion source performance, it was essential to have a short 


the beam path. 


accelerating gap to prevent high-voltage breakdown. 

The gap is shown in Fig. 2. In essence, it is two parallel- 
plane electrodes spaced about 1.6 em apart, one of which is 
also the cathode of the ion source. Ions pass through an 
aperture in the suppressor electrode to strike the target, 
which is maintained 600-800 volts more positive. For 
reliable high voltage operation the glass tubing used must be 
free from inclusions and surface imperfections in the envelope 
gap region. The gap spacing is a compromise between the 
long spacing desirable for low electric field strength and the 
short spacing necessary to prevent gas breakdown by 
ionizing collisions of beam particles with residual gas 
molecules. The gap withstands potentials up to 120 kv, the 
limit of the available high-voltage supply. 

Pressure control. pressure in the tube is held 
constant by a heated zirconium-hydride-coated tungsten 
filament in equilibrium with thermally dissociated deuterium 
and tritium. The tungsten, because of its high-temperature 
strength and lower resistivity, supports the zirconium and 
determines the electrical characteristics of the filament. A 
heat shield surrounds the filament for isolation from ambient 
temperature variations and reduction of radiative power 
The zirconium is filled during tube processing with 
an equal-component mixture of deuterium and tritium. A 
pressure of 10-? mm Hg is obtained when the filament is 
heated to ~ 400° C. 

The target, which is operated at high voltage, is a graphite 
coating on the end of acopperrod. The coating and rod are 
stabilized and cleaned by heating in hydrogen and in 
vacuum. The target is filled by directing upon it a 200-ya 
beam of particles during initial operation of the tube, and 
the filling is observed as an increase in yield during a period 


Gas 


le sses. 


of ~60 min. 
The impacted-carbon target has a unique advantage over 





Conditions for D-C Operation of Tube 





60-100 kv (negative) 
200 pa 

1,000 volts 

1.0 ma 

3 watts 

2 amp 

600 volts 


Accelerating voltage 
Power-supply current 
Ion-source voltage 
Discharge current 
Filament power 
Current 
Suppressor-target voltage 
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FIG. 2. 
target. 


TUBE INTERIOR has ion source, accelerating gap and 
Gap is small because tube is for oil-well logging 


conventional tritium-filled targets in that it is filled and 
replenished in situ by beam particles composed equally of 
deuterons and.tritons. As a result it can be baked before 
use at temperatures high enough to assure complete de- 
gassing, and it will support constant yields for extended 
periods of tube operation. 


Neutron Yield 


The absolute neutron yield of a conventional d-t accelera- 
tor can be readily determined by alpha-particle counting, 
but neither space nor fabricating techniques permit alpha- 
particle counting within the tube. Instead a long counter 
was constructed and calibrated against an associated parti- 
cle counter at the National Bureau of Standards to + 25% 
absolute accuracy. Long-term reproducibility, as deter- 
mined by comparison with a Ra-Be source, has been estab- 
lished as ~ + 5%. This counter has been used to deter- 
mine empirically neutron yields of the accelerator. 

The neutron output of the tube was compared with that 
which we computed by theory. A yield calculation was 
first made for single deuterium ions (D,*) striking a carbon 
target containing one tritium atom per atom of carbon. A 
more refined calculation of the yield was then made by 
assuming a mixed beam of D+, D.*, T+, T,*, DT* ions 
striking a target loaded with both deuterium and tritium. 

The equivalent incident-particle energy of a triton was 
determined by transforming to a center-of-mass system, 
and, for a diatomic ion, the energy of each nucleus was taken 
to be shared in proportion to the mass. It was further 
assumed that the target was loaded with deuterium and 
tritium in equal proportions. 

For purposes of comparison, the results of the calculation 
and the data from long-counter measurements on the tube 
are shown in Fig. 3. The data can be fitted by a relation- 
ship of the form Y = C’E*, in which C’ and & are constants. 
For our tube k has been found to be 3.7 for d-t neutrons with 
a carbon target. As a rough rule, a 25% increase in 
accelerating voltage doubles the neutron output. 


D-C Operation 


At a 60-kv accelerating voltage and a 200-ya beam current 
(current delivered by the high-voltage supply) the typical 
tube produces 5 X 10’ n/sec. At a given high voltage the 
yield is proportional to beam current over the range 0-600 wa. 

The beam current, as determined by a meter, consists 
mostly of ions originating in the ion source and secondary 
electrons returning to it. For a given beam current there 
will also be some loss in yield due to charge-transfer colli- 
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FIG. 3. NEUTRON YIELD varies with accelerating voltage, reac- 
tion and target material. Yield is proportional to 3.7 power of 
accelerating voltage. Graph is for 200-ua beam 


sions of the ions. The transfer can be 
operating at the lowest possible pressure. 

With regard to secondary electrons, measurements that 
we have made indicate that a potential of 300-600 volts be- 
tween suppressor and target is necessary to make the neutron 
output a maximum for agiven beam current and accelerating 
voltage. Using a calorimeter technique we have measured 
the fraction of the high-voltage power dissipated at the 
target. The results have shown this fraction to vary with 
the suppressor voltage. It is at a maximum of nearly 80% 
at 300-600 volts. As a practical matter, adequate suppres- 
sion voltage can be obtained by inserting a 5-megohm 
resistor between suppressor and target and connecting the 
high-voltage lead to the suppressor. 

In the sequence of operations for turning on a tube, the 
desired accelerating voltage is applied first. The 
source voltage is then applied and increased to a value of 
1,000 volts. Sufficient power is then supplied to the fila- 
ment to raise the beam current from zero to some pre- 
selected value, usually 200 wa. Some final trimming 
adjustments of both filament power and ion-source voltage 
are usually made. 


minimized by 


ion- 


Pulsed Operation 


Instead of using an accelerator to produce neutrons 
continuously, for many experiments it is desirable to 
interrupt the neutron output in a periodic manner. For the 
tube we are describing it is possible to accomplish this 
objective by pulsing the voltage on either the target or the 
ion-source anode. Each technique has its advantages and 
limitations. 

If one pulses the target voltage, the chances of high- 
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voltage breakdown are reduced, and the minimum neutron 
pulse length can probably be made less than a microsecond. 
However, the necessity of a high-voltage pulse transformer 
implies that a variety of pulse widths will not be readily 
obtainable. 

The advantage of pulsing the ion source is that pulsing 
can be accomplished at low voltage, 1-2 kv, without the use 
of a pulse transformer. As a consequence the pulse length 
can be readily varied over a wide range. The limitations 
are those dictated by buildup time of the ion source. 

The buildup time is the interval between application of a 
voltage pulse to the ion-source anode and occurrence of a 
discharge. This time increases with decreasing pressure 
and varies between a minimum of ~3 usec and 30—40 usec. 
The 3-usec minimal buildup time puts a lower limit on the 
duration of the neutron burst. As a practical matter this 
turns out to be 7-10 usec. With lower pressures in the tube, 
and consequently longer buildup times, it is possible when 
using short pulses, that the voltage on the ion-source anode 
will have been shut off before the discharge has fired. 

With the exception of the ion-source discharge, pulsed 
For an 
ion-source power supply, one requires a pulser of ~20,000 


operation is essentially the same as that for d-c. 


ohms output impedance and a variable-pulse-height output 
of 600-1,500 volts. Repetition rates as great as 5,000/sec 
have been used satisfactorily, and all pulse lengths up to d-c 
operation can be obtained. 

With a gated detector the time distribution of neutrons 
has been observed over a range of pulse lengths of 7—1,000 
usec. The distribution has been found to be directly 
correlated in time with the duration of the ion-source dis- 
charge. Over the range of pulse lengths noted, at least 90% 
of the neutrons are produced at substantially constant rate 
during the ion-source discharge. As the pulse length is 
decreased, this fraction is reduced in value. We conclude 
that the accompanying increased pressure lengthens the time 
for diffusing ions to be lost from the ion source. 


Tube Life 


Life tests of these tubes have been performed while they 
were producing more than 108 n/sec. We conclude from 
these tests that the average tube can be operated for more 
than 200 hr at a yield of 108 n/sec. At lower source 
strengths, and consequently lower accelerating voltages, 
even longer life can be expected. At the end of 100 hr, a 
yield decrease of ~25% may occur because of deterioration 
of the target. 

For oil-well-logging applications the behavior of the 
accelerator tube at elevated temperatures is of great 
importance. The tubes we have have been 
operated pulsed at an ambient temperature of 145° C for 
6-hr intervals. Under these circumstances they continued 
to give a neutron yield unchanged from room temperature; 
that is, greater than 10° n/sec. 


described 


* * * 


We wish to acknowledge the many ideas of our colleagues that aided 
in the development of the accelerator tube and especially those of the late 
W. Arnold, who was associated with one of us (AHF) in the early 
stages of this work. W. Cooper and R. Lindstrom contributed much 
to fabrication techniques as did R. Swanson and Ada Brunetti in the 
collection of performance data. 
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lll. Kaman Tube: Three Different lon Sources 
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NEUTRON GENERATOR has tube (top) that fits into meta! 
30-ft cables connect it to control unit (bottom) 
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FIG. 2. OCCLUDED-GAS ION SOURCE has titanium-devteride 
washers separated by mica spaces. Arc formed between washers 
boils out ions that bombard target to release neutrons 
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By BARNEY J. CARR, Kaman Nuclear, 
Kaman Aircraft Corp., Colorado Springs, Colorado 


Four SEALED TUBES—a single-source, a multisource, a plasma 
and a high-voltage accelerator tube—represent Kaman’s 
work in the neutron-generator field. Our single-source tube 
produces 10’ n/pulse and contains an occluded-gas ion source, 
a pulse transformer, a titanium-tritide target and a small 
ion pump. To produce 10'° neutrons in a 1l-ysec pulse we 
have developed our multisource tube with sources in parallel. 
The simplicity of our plasma tube should make its ultimate 
price low enough for an educational tool, and its compact 
size will make it useful for oil-well logging. Because of the 
increasing need for neutron activation analysis tools, we 
have also developed a small high-voltage accelerator which 
produces 10°10! n/sec and contains replacable targets. 
Kaman is now developing a target with a life of 10’ sec at 
10’° n/sec which will be available shortly with the tube. 


Single-Source Tube 

With a 150-kv accelerating potential applied in 4-5-usec 
pulses our occluded-gas ion-source tube produces 10’ n/pulse, 
The pulse source (Fig. 1) contains a control unit, which 
houses the power supply, an energy-storage network and a 
thyratron switch. To protect the operator of the equip- 
ment, accelerator tube and control unit can be separated by 
as much as 30 ft. This feature is important when the equip- 
ment is used to pulse power reactors during research and 
development phases. The accelerator can be pulsed 10 
times per second. Operating principles of the parts of the 
tube are as follows. 

lon source. By using an occluded-gas ion source (Fig. 2) 
we get deuteron pulses lasting several usec (1). In this 
source titanium washers, loaded with deuterium almost to 
the concentration that causes crumbling, are stacked and 
separated by mica washers. To produce an are between 
the washers, we apply a voltage to the base electrode. The 
resulting are “boils out” deuterons. In our development, 
we have studied this high current source for conjunction with 
a neutron generator to furnish 10'° neutrons in a 1 usec pulse 
(2). Such a pulsed source would be useful in pulsing reac- 
tors during start up and during development of highly 
shielded reactors. 

Pulse transformer. From the ion source, the deuterium 
ions enter a lens system in the accelerator tube that focuses 
them and thus assures that a large number will hit the tita- 
nium-tritide target. An epoxy-encapsulated pulse trans- 
former that steps 6 kv up to 150 kv accelerates the ions 
across the gap. The accelerator tube is inserted into a tube 
well in the transformer and surrounded with oil to provide 
high voltage insulation. 

Titanium-tritide target. The ions fall through the trans- 
former voltage to the target—a layer of titanium containing 
tritium (3). Here the d-t reaction produces a yield of 107 
14.3-Mev neutrons per pulse. 

A small ion pump contained in the tube removes neutral 
gases liberated by the are and the bombarding ions. The 
pump, which maintains a vacuum of ~10~’ mm Hg, obtains 
operating voltage from the control unit and is completely 
maintenance free (4). (Continued on page 76) 
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FIG. 3. PLASMA TUBE needs no magnetic field for ion source. 
Suppressor grid over target reduces secondary electron current 


Multisource Tube 


Our 10'°-neutrons-per-pulse tube was designed for pulsing 
a critical assembly at the Knolls Atomic Power Laboratory. 
In this source the space-charge-limited current determines 
the operating potential and the accelerator-tube diameter. 
One finds from the cross sections and ion currents necessary 
for various neutron yields above potentials of ~220 kv that 
the accelerating particles should be tritons and the target 
should contain deuterons. Since the space-charge current 
for 2-cm spacing at 300 kv is ~11¢ amp/cm?, and the 
efficiency for this type of accelerator is normally 10%, 180 
amp must flow for 10~* sec to produce 10'° neutrons. We 
achieve this large ion current by using ion sources in parallel. 
Grids at the target suppress the secondary electrons, 
and grids at the ion source act as a velocity spectrometer. 
The ion sources are fired in parallel for 1 usec. Traveling 
at a velocity corresponding to 100 ev (~0.55 cm/ysec), 
tritium ions reach the grid 0.85 usec after the source fires 
and continue to arrive for 1 usec. Meanwhile titanium ions, 
also from the source, travel at ~2 cm/ysec and arrive at the 
grid ~3 usec after the source fires. Since we apply a large 
accelerating potential to the target only when tritium ions 
reach the grid, the beam is rich in tritium ions and has few 
heavy contaminants. 

To get very short neutron pulses, we made a target-pulse 
transformer with minimum inductance, and our delayed 
application of the target pulse yields maximum efficiency. 
With a suitable power source, a unit designed to produce 
0.1-usec pulses can be pulsed 100 times per second for short 
bursts of 2 usec. The resulting output is 10° n/pulse. 


Plasma Tubes 


We have recently developed a plasma tube (Fig. 3) that 
requires no magnetic field as does the tube designed by Gow 
and Ruby (5). Thus our tube can have a smaller diameter 
than previous plasma tubes. Our tube, which has a lifetime 
of 10'*-10"4 neutrons, has operated for 30 hr at 10’ n/see at 
1,000, 3 usec pulses/sec. A powdered titanium reservoir 
dispenses deuterium into the tube at a pressure of several 
microns. Used in conjunction with a hot titanium getter, 
this reservoir makes a separate vacuum system and gas sup- 
ply unnecessary (6). A suppressor grid over the target 


76 


Focusing electrode 


Accelerating 
electrode 


FIG. 4. HIGH-VOLTAGE ACCELERATOR TUBE produces 
n/cm?/sec and is portable—1-ft dia., 2 ft long 


10° 


Since the 
target is at ground potential, we get maximum use of the 
relatively low flux from the tube. For activation analysis 
work our tube will run at 200 pulses/sec at up to 10° n/pulse. 
Because of collisions of ions and natural gas, the efficiency 
(neutrons per ion on target) is low. 
age energy of ions at the target is ~30—40 kev when the tar- 
get accelerating potential is 70-80 kev. Despite this rela- 
tively poor efficiency, the simplicity of tube operation and 
construction should make it useful in many fields. 


reduces the secondary electron current from it. 


For example, the aver- 


High-Voltage Accelerator 


Designed principally for neutron-activation analysis, our 
high-voltage accelerator delivers more than 10° n/cm?2/see 
from a replacable target. Both ion source and accelerator 
section operate at 5-10 X 10-° mm Hg. The ion source 
furnishes up to 1 ma of beam, half of which is atomic deu- 
terons, and this is accelerated to 100-120 kv by a small cas- 
cade power supply. 

Copper-backed targets are cooled for long life. Since 
the ion source itself is an efficient pump during normal oper- 
ation, external pumping is required only after a target 
We hope that a long-life target under development 
We look 


change. 
will soon remove the necessity of target changing. 
for a life of ~107 sec at 10° n/sec. 

The accelerator unit is ~1 ft in diameter, has no high 
voltages exposed, and includes a 24-in.-long target tube. It 
weighs 58 lb. The separate power supply, operating at 100 
ke/sec, is 1 ft in diameter, 30 in. long and 48 |b in weight. 
A control unit can be operated with push buttons as much 
as 300 ft from power supply and accelerator unit. In addi- 
tion to control electronics it contains a neutron monitor for 
which the signal is provided by a semiconductor that re- 
sponds to recoil alpha particles from the d-t reaction. 
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Accelerator-Made Tracer 
Solves a Mixing Problem 


By OSWALD U. ANDERS, Dow Chemical Co., Midland, Michigan 


HoME-GROWN RADIOTRACERS Offer several advantages over 
off-the-shelf varieties. Although tracer techniques have 
been used in industry for more than a decade, invariably 
the tracers have been relatively long-lived radionuclides 
that required AEC licensing and posed handling problems 
for the final product. Both these problems can be avoided 
by using a short-lived accelerator-made tracer. 

The advantages are illustrated by an experiment we 
recently performed (perhaps the first industrial experiment 
outside an AEC reactor installation for which short-lived 
tracer was produced on the site). The study concerned rate 
of mixing of a viscous rubber solution in a stirrer-agitated 
kettle; more than 50 gal of rubber dissolved in xylene was 
involved. The tracer was 2.56-hr Mn**, which we made by 
neutron irradiation of natural manganese with our Van de 
Graaff. The final product from our successful pilot-plant 
experiment, was—for practical purposes—free of radioactiv- 
ity after storage for two days. Mn** had decayed by a fac- 
tor of about a million in nearly 20 half-lives, and we found 
no activity from longer-lived contaminants. 


Neutron Source 

To make our neutrons we use a 2-Mv Van de Graaff 
delivering 30 wa of deuterons into a beryllium target (1). 
Cooling water in a polystyrene jacket surrounds the stainless- 
steel pipe containing the target. 

As shown on page 65, neutrons from the Be*(d,n)B"® re- 
action have energies as great as 6 Mev. Since we wish to 
use them for thermal-neutron activation, we surround our 


target with a 2-ft cube of paraffin and insert our target 
nuclide into the cube with a polyethylene stringer. The 
thermal flux available is ~2 X 10* n/cm?/sec. 


Tracer Requirements 


Preparation of radioactive material by neutrons from an 
accelerator is governed by the following equation: 


Neodw 


— gw~rt 
ene 


A= 
[A = activity (dps) produced in time ¢ (sec); N = Avoga- 
dro’s number (6.02 X 10**); go = thermal-neutron flux 
(n/cm?/sec); ¢ = activation cross section (cm*); @ = iso- 
topic abundance of parent nuclide; w = sample weight (gm) ; 
\ = decay constant of product nuclide (sec™) = In 2/half- 
life]. Irradiation time was limited to 4 hr, and we could 
introduce no more than a few gré.ms of impurities into our 
system. These limitations and the value of our available 
flux indicated that our tracer must have a half-life not 
greater than 4 hr, and the product o@ must be greater than 
10-** cm* (10 barns). Natural manganese meets these 
criteria since it consists entirely of Mn**, its capture cross 
section is 13.3 barns, and Mn*, the activation product, has 
a 2.56-hr half-life. The 0.84-Mev gamma photon emitted 
by Mn* in 98% of its decay processes satisfies our require- 
ment of detection in large samples. 
The tracer must be soluble in xylene. Thus we pre- 
pared an organic manganese tracer by chelation using 
acetyl acetone because it readily forms a rather stable 





SAMPLE-TO-STANDARD RATIO of 
counting rates shows that rubber 
mixing is complete after 200 min. 
(It is accidental that early points fall 
near final equilibrium line) 
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Six Steps in Using an Accelerator-Made Tracer for a Mixing Problem 
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chelate with trivalent manganese (2). This chelate 
found to be soluble in toluene, xylene and alcohol. 


was 


Tracer Production 


To make our tracer we put a 1.5-gm sample of finely 
powdered KMn0O, in a 13-mm-o.d. Lusteroid tube, closed 
the tube with a plug of polyethylene foam and irradiated it 
for 2:5 hr at a flux of 2 X 108 n/em?/sec. This produced 
9 rutherfords of tracer (1 rutherford = 10° dps), which had 
decayed to 8.1 rutherfords at the start of our experiment and 
to 3 rutherfords when we completed our measurements. 

After irradiation we transferred the sample to a 200-ml 
Erlenmeyer flask containing a few drops of toluene—just 
enough to moisten the powder. A previously prepared 
mixture of 80 ml 2,4-pentane-dione and 10 ml ethy] alcohol 
was added, and the mixture was heated in a hot water bath 
and shaken for 5 min. This reduced the permanganate and 
formed a chelate. 

Next we added 4 ml of distilled water and continued 
shaking for 44 min to permit solution of the potassium 
activity in the aqueous phase. 

The mixture was then transferred to two 50-ml centrifuge 
cones and centrifuged for 1 min. The organic phase we 
pipetted into a volumetric flask and diluted to 1 liter witl 
o-xylene. A 1.5-ml aliquot was taken from this solution, 
and we used it to prepare a counting standard for com- 
parison with sample counts. The remainder was used to 
trace the plant experiment. 


Tracing and Counting 

The criterion for successful mixing, when one measures 
it with a radio-tracer, is that specific activity be uniform 
at all places in the mixture. Ideally, then, one would take 
many samples at many points in the mixing vat. Initially 
their counting rates would scatter widely about a mean. 
As time went on, the scatter would be reduced, and finally 
all counting rates would be within an experimental-error 
region centering on the mean counting rate. Such an ideal 
is represented by shading in the figure on page 77. 

Plainly such extensive sampling is impractical or im- 
possible. It is also unnecessary. One can instead choose 
a representative point in the vat and observe the scatter of 
counting rates at that point. If the point is properly 


78 

































































representative, the counting rate will become constant 
when mixing is complete. 

This was our procedure. We poured our xylene solution 
of tracer into the kettle and drew double samples of the 
mixture from a port ina recirculation line that draws mate- 
rial from the center of the bottom of the vessel and pumps it 
back to the side of the surface. 

The samples were transferred to 8-oz round wide-mouthed 
screw-cap bottles and counted with a 3 xX 3-in. NalI(Tl) 
scintillation probe. The 
analyzer covered the 0.84-Mev photopeak of Mn* 


window of our single-channel 


Counting a short-lived tracer offers special problems in 


correcting for radioactive decay. One way to do it is to 


observe the time of counting accurately and make correc- 
tions accordingly. We used a simpler method that has the 
additional advantage of compensating for instrumental drift. 
We prepared our counting standard in an 8-oz bottle like 


} 


those that held our samples and counted it before and 


The ratio of sample to standard count- 
calculated and 


after each sample. 
ing rates, both corrected for background, was 
plotted against time. 

It can be seen from the figure that complet 
effected in 34% hr, after which no more changes occurred. 
from the center 

rather readily, 
until the 
more poorly agitated 3% of inactive material clinging to 
the walls of the vessel is mixed in to dilute the tracer. It is 
fortuitous that the samples taken 14 hr after the start fall 
within the final error range. 


mixing was 


It is also seen that because samples came 
of the kettle, where good mixing is effected 
the counting rates fall above the equilibrium line 


Safety 


We took gamma spectra of our samples after the run to 
check for impurities longer lived than Mn* No detectable 
amount of K** was seen even 24 hr after the start of the 
experiment, when most of the Mn** had decayed. A spec- 
trum of the aqueous layer in the centrifug 
that most of the K* activity had been retained there. No 
eight counting 


‘ones showed 


trace of any activity was detectable when 
samples were counted simultaneously two days later. 
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N/D PROGRESS REPORT 


nuclear energy section of research and development 


THE EVOLUTION OF SPECIAL ALLOY BALL BEARINGS 
FOR CONTROL ROD DRIVE MECHANISMS IN WATER 
MODERATED, LIQUID METAL AND GAS COOLED REACTORS 


Since 1949, New Departure’s Nuclear Energy Section 
of Research and Development has been working in 
the development of special ball bearings for nuclear 
reactor applications. These applications have posed 
highly unusual design problems in that, for example, 
such obstacles as high purity water environment and 
radiation were never before contended with by a ball 
bearing manufacturer. Following is an outline of the 
most significant engineering developments in nuclear 
reactor ball bearings including current N/D projects on 
ball bearings for future nuclear reactors in land, sea 
and air installations. 


Cobalt base alloy raceways clad 
on stainless stee! bal! bearings. 


Water Moderated Reactors—In the early days of 
nuclear reactor development, it was assumed that 
standard ball bearings would operate satisfactorily 
in the water moderated system control rod drive 
mechanisms. However, standard bearings seized, 
galled, corroded and wore severely in the high tem- 
perature, high purity water environment. 

New Departure, in cooperation with a leading metal- 
lurgical firm, developed present techniques for mak- 
ing ball bearings from cobalt base alloys. These 
bearings with refinements are currently being used 
on a majority of the control rod drive mechanisms 
operating today. 

Gas-cooled Reactors—At the present time, New 
Departure’s Nuclear Energy Section is working on 
new ball bearing designs, theories and materials for gas 


Liquid Metal Systems—New Departure has pro- 
duced test samples for operation in liquid metal 
medium. One project recently completed was the 
development of design criteria for friction wear and 
scoring resistance of bearings lubricated with liquid 
mercury. 


Cobalt Alloy Clad Upon Stainless Steel—N D con- 
tinued development work on cobalt base alloy bear- 
ings because some proved sensitive to shock loading. 
The result was the development of a technique of 
cobalt alloy clad upon stainless steel on which N /D 
holds the patent. 


NS Savannah— More recently, New Departure was 
asked to assist in recommending ball bearings for 
the reactor to be used in the NS Savannah. In this 
application, the bearings are to run unlubricated 
in a high temperature, high pressurized water 
environment for a given number of revolutions. 
Following design recommendations, N/D developed 
the ball bearing for use in the prototype assembly, 
and is currently supplying production bearings for 
the NS Savannah’s control rod drive mechanisms. 


VS SAVANNAH 


N/D Performance— With a history such as this, N D 
engineering experience and facilities are ready to help 
you meet stringent operating requirements as well as 
tight delivery schedules. 


If you would like ball bearing application assistance, 
contact the N/D Sales Engineer in your area, or call 


type reactors employing helium and other gases, Ne or write New Departure, Division of General 


to be used in land, sea and air applications. 


Motors Corporation, Bristol, Connecticut. 


NEW DoE PAR TURE 


BALL BEARINGS - PROVED RELIABILITY YOU CAN BUILD AROUND 
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INSTRUMENTATION and MEASUREMENTS 


Alarm 


Avg temp of 
lights= 


reactor coolant 


Reference 
section 
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Control panels with orderly rows of 
indicating lights, meters and switches 
no longer suffice for nuclear power 
plants. To decrease the human errors 
that cause most of the unintentional 
plant shutdowns during reactor oper- 
ation, control-pane! layouts should sim- 
plify the operator’s job by providing 
information in a more meaningful form. 





A Human-Engineered 


Reactor Control Panel 


By DAVID E. DICKEY 


Bettis Atomic Power Laboratory, Westinghouse Electric Corp., Pittsburgh, Pa. 


Such a panel usually can use the same 
components as a normally engineered 
panel, and circuitry is simpler because 
you don’t have to redesign circuits to 
reduce chances of human error. 

Taken individually, human-engineer- 
ing features might seem trivial and 
hardly worthwhile, but together they 
provide a control panel that makes the 


reactor-plant operator’s job easier and 
helps him avoid errors and needless 
shutdowns. 


Studies Used Mockups 


To study basic arrangements and 
variations, a full-scale mockup panel 
was constructed of steel-faced plywood 
(layout studies on paper are tedious, 








Panel Design Pointers 


Do: 


®Use miniaturized panel components and combination lights 
and pushbuttons or multicolor indicating lights. 

* Allow natural “expected” movements for making adjust- 
ments (clockwise switch movements to increase meter readings 
or close valves). 

® Mount switches below their meters or indicating lights, if at 
all possible; mark positions so that the operator's hand does 
not obscure either the meter indications or the switch markings. 

® Divide scales on 1, 2, 3, 4, or 5, 10, 15, 20 number progres- 
sions wherever possible. 

® Mark nameplates, meter dials, switch-position indications, 
etc., concisely but clearly. 

®Use black markings on white meter dials and light gray 
nameplates for maximum contrast. 

® Use red mark on meter faces to indicate potentially danger- 
ous situations. . 

® Use check-off lists to ensure that manually operated valves 
and auxiliary pumps are set up and operating properly. 

® Indicate status of valves and pumps with colored lights— 
green indicates a normal steady-state condition, amber 
shows an abnormal condition (standby pump in use, etc.)— 
and since a valve normally could be either open or closed 
during operation, mask the light lens to show a bar for a 
closed valve or a circle for an open valve. 


But don’t: 


® Make panel dimensions so inconsistent with size of the aver- 
age human operator that he has trouble seeing essential 
indicators and reaching important switches (panel should not 
be much more than 4 ft wide). 

® Make controls so automatic that operator can fail to interpret 
the significance of an unusual situation. 

® Require the operator to make excessively accurate meter 
readings or to operate contrc!s requiring great physical 
strength or delicate adjustments. 

® Locate within a foot of each other similarly shaped handles 
used for different functions (pump vs. valve). 

® Use shiny reflecting surfaces and unmasked overly bright 
indicating lights that cause glare and eyestrain. 

® Flash alarm lights faster or slower than 3-5 flashes/sec. 

® Letter meter labels less than 3/¢ in. high. 

® Use fancy lettering with flourishes. 

® Letter on an angle or arc; horizontal lettering is simplest to 
understand. 

® Graduate dials finer than is really necessary for control 
purposes. 

®Use power-of-ten multipliers on meter faces; although 
2 X 10° psi is perfectly understandable to an engineer, 
2,000 psi is much more meaningful to the average operator 
accustomed to Arabic numerals. 
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UWL A RAST 
NEUTRON SURVEY METER 
with a Tissue Equivalent 


At the Industrial Reactor Laboratories in Plainsboro, New Jersey, 
fast neutron radiation survey for health hazard evaluation was an 
involved procedure. It was until a NUCOR E-1C was put on the job. 


Now the survey is a simple phase of the day’s work. A Technician 
carrying the light, battery operated instrument routinely measures 
the true dose rate for fast neutrons over the range of 0.2 to 14 MEV. 


Efficient gamma discriminations enables direct measurement of 
neutron dose rate and removes the need for comparing 
the output of two chambers. 


in tests recently made with a Van de Graaf generator, the E-1C, 
utilizing an improved proton recoil detector, conclusively demon- .. 
strated its adherence to the first collision tissue dose curve. 


Novel circuit design, including extensive transistorization, 
has resulted in a degree of stability and reliability unequaled 
in instrumentation of this type. 


When health hazard survey for fast neutrons 
is necessary the NUCOR E-1Cis 
the instrument of choice. 
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VISIFLUX 
NEUTRON-GAMMA 
IRRADIATION 

Y 


Model 100—ViSIFLUX 
$1175 


A NEW CONCEPT IN ATOMIC 
AGE EDUCATION 


The Model 100 VISIFLUX is the 
result of extensive design by leading 
nuclear educators. Made of heavy 
Plexiglas®, its visibility and accessi- 
bility permit performance of a num- 
ber of unusual experiments. Its 
versatility and low cost give consid- 
erable advantages over classical neu- 
tron howitzers and sub-critical as- 
semblies. An excellent experimental 
manual and visual aid kit in nuclear 
engineering and radiochemistry are 
included with each unit. 


FLEXO-RABBIT 


The FLEXO-RABBIT Model 400 
is an inexpensive, portable pneumat- 
ic transfer system consisting of flexi- 
ble tubing and an associated control 
unit. It has been used with great 
success to transfer samples to ex- 
tremely awkward irradiation spaces 
in nuclear reactors and particle ac- 
celerators—and then deliver them 
to radiochemistry laboratories or di- 
rectly to counting arrangements. 
Write for further information on 
these or other products including a 
new type pile oscillator and a series 
of activation foils. 

See Our Exhibit in Booth 517 

at the 1960 Atom Fair-West 


REACTOR 
EXPERIMENTS inc. 


Box 133—Sales Mart 
1485 Bayshore Boulevard 
San Francisco 24, California 


INSTRUMENTATION AND MEASUREMENTS 


time-consuming and often deceiving). 
Thin magnets were glued to meter 
faces and switch handles to hold them 
in place. Small flat items, such as 
nameplates, were attached with dou- 
ble-faced pressure-sensitive tape. 
Colored tape was used for indicating 
lights and the graphic panel section. 
The layout could be changed in a mat- 
ter of minutes and dozens were studied. 
Photographs provided satisfactory rec- 
ords. Studies of various panels in- 
cluded critical evaluations by experi- 
enced reactor operators. 

The figure shows one of the consoles 
that from the studies (two 
such panels will control the two nuclear 
power plants of the Navy’s new guided- 
missile cruiser, the USS Long Beach). 
Functionally, the console has three 
operating, monitoring 


resulted 


sections—for 
and reference. 


Operating Section 


Control switches for the major reac- 
tor plant components, and their accom- 
panying indicating lights, are arranged 
before the operator in a simplified plant 
layout. Major components are repre- 
sented by blocks; their control switches 
and indicating lights are inside the 
blocks. Lines representing the main 
reactor coolant pipes connect the 
blocks. All control switches normally 
used are within easy reach; the switch 
that operates the reactor’s control rods 

the most frequently used switch) is 
slightly to the right of the panel center, 
close to the operator’s right hand. 
Indicating lights and a minimum num- 
ber of switches for important auxiliary 
pumps requiring continuous attention 
and control are to one side of the oper- 


ating section. 
Monitoring Section 


The vertical section of the panel has 
indicating meters for plant parameters, 
their channel-selector switches and the 
plant alarms. By using a distinct 
monitoring-panel section, meter chan- 
nel-selector switches will not be con- 
fused with component-operating 
switches. 

Meter grouping. In normally engi- 
neered control panels, it is common 
practice to arrange indicating meters 
in evenly spaced rows or banks. In 
human-engineered control panels, it 
usually is better to resort to uneven 
rows or grouping. By careful layout, 
it was possible to achieve a “bull’s- 


’ 


eye” effect with the most important 


This article starts on page 80 


meters in the center. The character- 
istics of the Long Beach’s reactor plant 
are such that the average temperature 
of the reactor coolant is an indication 
of the performance of the entire plant. 
The operator is instructed to hold this 
temperature indication within a narrow 
band. Accordingly, the average-tem- 
perature meter is near the center of the 
panel. 

Two important sets of indicating 
lights are located in the first ring of the 
bull’s-eye: one set warns when extra 
care is required due to abnormal plant 
conditions and the other set tells which 
way the reactor’s control rods are mov- 
ing. In the second ring of the bull’s- 
eye are key meters that show why the 
average-temperature meter in the cen- 
ter of the bull’s-eye may be deviating 
from the desired value. These meters 
indicate neutron flux, steam flow, cocl- 
ant pressure and the ratio of coolant 
flow to neutron flux. Supplementary 
indicating instruments, located in the 
outer rings of the bull’s-eye, are used 
only during start up or to evaluate and 
indicate corrective action to be taken 
to restore the five basic parameters to 
their normal reading. 

The plant alarm lights are at the bot- 
tom of the monitoring section; a horn 
sounds and a light flashes whenever a 
condition arises that requires the oper- 
ator’s attention. By depressing the 
acknowledging switch under the light, 
the operator horn and 
changes the flashing of the light to 
steady burning until the condition is 
corrected. When the abnormal condi- 
tion is corrected, the light again flashes 


silences the 


until the acknowledging switch is reset. 


Reference Section 


Safety shutdown switches, indicating 
meters for the ship’s other reactor, and 
meters and alarms required for use 
with the shutdown circuits are grouped 
on the upper panel. They are out of 
the operator’s reach while he is seated, 
but they are available for reference use 
by either the operator or his supervisor. 
The shutdown switches on this portion 
of the panel have spring-hinged covers 
to avoid confusing them with meter 
channel-selector switches. 

Generally, a human-engineered con- 
trol panel helps the operator—who can 
never be completely eliminated no 
matter how complex the automatic 
controls—to perform routine functions 
efficiently and to interpret the signifi- 
cance of any unusual situation. 
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Biggest 
can opener in 
the world 


It weighs 2% tons, yet each of its 
many intricate parts is machined 
with micrometric accuracy. It 
cuts through solid steel over a cir- 
cumferential distance of 25 feet— 
in a single pass—varying no more 
than %» of an inch from center- 
line. This is the AMF-designed 
and manufactured Seal Weld Cut- 
ting and Automatic Welding Ma- 
chine for reactor pressure vessels. 
How it works 

A crane fits the custom-made 
cutter’s geared, circular track 
over the reactor vessel. The geared 
carriage engages the track and 
automatically carries the cutter 
head around the seal. As the pass 
is made, head and vessel flanges 
are machined for another weld 
joint. The entire operation takes 
less than a Gay, including installa- 
tion and removal of the machine. 

After replenishing contents, 
semi-automatic welding heads 
are swapped for the cutter and 
the can is resealed. Seal cutters 
are available for seals as small as 
2 inches and as large as 14 feet in 
diameter. The machine shown is 
8 feet in diameter. 

AMF across the board 

This machine is typical of the 
custom-made equipment AMF 
produces for the nuclear indus- 
try. Reactor loading equipment, 
remote milling machines, hot cell 
manipulators, all tailored to ex- 
acting requirements, are avail- 
able to improve the capability of 
your facilities. 

When you have a tough prob- 
lem to solve in handling equip- 
ment, utilize AMF Atomics’ skills 
for your best solution. These 
skills have also made AMF the 
world’s leader in research and 
training reactors. 


AMF ATOMICS 


A Division of 
American Machine & Foundry Company 
261 Madison Avenue, New York 16, N.Y. 


performance ss th ... across the world 





Low Temperature Electrometer Circuit 


By J. A. CARRUTHERS, Physics Dept., McGill University, Montreal, Canada 


D. E. BENYON and J. NICHOLLS, Defence Research Chemical Laboratories, Ottawa, Canada 


Simple ion-chamber survey meters 
quite commonly use a single electrom- 
eter tube in a floating-grid circuit (see 
Fig. 1), thereby covering a wide range 
on one seale (1). But the character- 
istics are voltage-dependent and in 
battery-operated instruments intended 
for subzero falling battery 
voltages can cause significant errors. 
The accuracy of such instruments is 
seriously reduced below —10° F unless 


service 


very large batteries are used or the 
batteries kept warm. 

We have 
floating-grid circuit that 
perior subzero performance but retains 
the simplicity of the 
floating-grid circuit. 

Typical curves for the floating-grid 
mode of operation using the standard 
CK5886 electrometer tube are shown 
The anode current J, at 
voltage is a nearly 


developed a modified 


provides su- 


conventional 


in Fig. 2a. 
constant anode 
linear function of log J, over three to 
four decades (2, 3). Assuming a linear 


dynamic characteristic we may repre- 
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CK5886 . R; 
Calibrate Re Sic 
Ry ‘ 
> 6.75v 





electrometer circuit 


sent the over-all characteristic by: 
I, = K, log I, + Io, 


where K depends on the current range 
of the meter used and J, is balanced out 
by the bucking or zero control when the 
chamber current is zero and grid cur- 
rent flows only via Ry. 
Sensitivity 

When batteries deteriorate due to 
low temperatures the circuit sensitivity 
will generally fall as a result of: 
e A change in slope of the log 7, versus 
IT, curves due to lowered filament 
temperature; 
e An increase in the dynamic resistance 
of the anode battery; 


84 





FIG. 2a. CHARACTERISTICS for conven- 
tional CK5886 electrometer tube 


e A change in slope of the log J, versus 
I, curves due to the lowered anode 
voltage. 

The effect of a change in sensitivity 
on the accuracy of the logarithmic scale 
may be examined using the equation: 

Al, = K, log (1+ n), 
where n is the fractional error in 
instrument reading resulting from an 
Thus 
for a three-decade instrument using a 
50 wa meter, the 19.6% for a 
drift of 1.3 wa in anode current. The 
sensitivity of the electrometer circuit 


uncertainty in anode current /,. 


error is 


must therefore remain stable to about 
+ 2% to meet an accuracy specification 
of +20% on the logarithmic scale. 
Conventional Circuit 

The load lines of Fig. 2b illustrate 
these points. The straight line AB is 
10,000-ohm load and fresh bat- 
teries of 6.75 and 1.25 v for anode and 
The 


anode current swing is 62.5 wa for the 


ior a 


filament supplies respectively. 
three-decade range in grid current from 


10- amp to 10-® amp with fresh 
batteries. 

The straight line CD is for lowered 
battery voltages of 6.5 and 1.0 v and 
the slightly decreased slope is due to a 
100-ohm the 


resistance of the anode battery. 


dynamic 
The 


reduced anode current swing of 55 ua 


increase in 


after readjustment of the zero control 
would therefore represent a full-scale 
error of almost 200%. 


These conditions are typical of what 
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FIG. 2b. LOAD LINES at constant grid 
current for floating grid circuit of Fig. 1 


occurs during intermittent operation 
at —15° F ambient using mercury cells 


such as the TR-115R and the RM-12R. 


Compensated Circuit 


The circuit of Fig. 3 differs in three 
ways from the conventional circuit: 
e The anode battery is returned to 
filament positive 
e The zeroing resistor is in series with 
the anode 
e The calibration 
bucking circuit. 
In addition, the meter resistance R, 
is assumed to be small compared with 
Re, although in practice its value may 


adjustment is in the 


be significant. 

To aid discussion, the 10~!* amp and 
10-* amp curves of Fig. 2b are redrawn 
in Fig. 4. In Fig. 4b the curves are 
drawn with the anode voltage referred 
to the positive side of the filament, and 
are thus displaced by an amount equal 
to the filament voltage. 

With fresh batteries in the circuit of 


—— 
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FIG.3. COMPENSATED floating-grid elec- 
trometer circuit 
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The set consists of three containers, their covers, and lifting hooks to 


Le 


ngage the two small casks. 


Illustrating use of lifting hook pro- The completely nested set, with lifting hooks. 


container. 


vided for handling small containers. container is available. 


NEW...from Shielding Headquarters... 
NESTED Lead Casks 


Skillfully engineered, precision made, this set set. A locking device for lid of large container 
of nested containers is designed to meet a need is optional. 
for safe, handy, space-saving storage of hot This cask set is the newest item in a wide 


materials. 


range of shieldments produced by National 


The small can carries one-half inch lead pro- Lead for reactor, hot lab, hospital and indus- 
tection around a 3/4” x 2-1/8” cavity; the medi- trial applications. All bear the unmistakable 
im can has one inch of lead around a 2-5/16” x mark of quality of the leader in lead—benefiting 
5” cavity; the large container has a two inch by a background of nuclear field activities un- 
lead thickness around a 5-7/16” x 8-1/2” cavity. matched in the shielding industry. 
All containers have lead lids. Lifting hooks for Write the Branch nearest you for prices on 
handling the insert containers come with each these new nested casks. 


National Lead Shielding 
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NATIONAL LEAD COMPANY : General Offices: 111 Broadway, New York 
6, New York. Branches in Atlanta; Baltimore; Boston; Chicago; Cincinnati; 
Cleveland; Dallas: Depew (N. Y.): Detroit; Kansas City: Milwaukee: New 
Orleans; Omaha; Perth Amboy,(N.J.); Pittsburgh; St. Louis; St. Paul. Pacific 
Coast: Morris P. Kirk & Son, Inc., Los Angeles, Emeryville (Calif.), Phoenix, 
Portland, Salt Lake City, Seattle. Canada: Canada Metal Co., Ltd., Montreal, 
Toronto, Vancouver, Winnipeg. 


Technician inserting hot material in middle-size 
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A special locking device for the large 





A “cloudburst”’ 
of safety! 


2. 

Volatile chemicals and propellants can cause 
serious accidents —but serious injuries need 
not result if water irrigation is immediately 
available! Haws Decontamination Booth pro- 
vides the “cloudburst” that rapidly rids the 
body of harmful irritants. Victims walk on 
the foot treadle and are instantly bathed in 
water from a dozen nozzles. Haws Eye-Face 
Wash is simultaneously activated —a pres- 
sure controlled unit with a perforated face- 
spray ring and twin eye-wash heads. Booth 
is acid resisting fiberglass plastic, and is 
delivered complete, ready for tie-in to exist- 
ing facilities. Write for details on the full 
line of models. ~ 3 \ 


HAWS 
DECONTAMINATION 
BOOTH 


HAWS DRINKING FAUCET CO. 
1443 FOURTH STREET © BERKELEY 10, CALIF. 


r EXPORT DEPARTMENT: 19 Columbus Avenue 
San Francisco 11, California, U.S.A. 
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INSTRUMENTATION AND MEASUREMENTS 


e Filament 


4 Filament | 


e Filament 1.25 
4 Filament |.00 


This article starts on page 84 
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FIG. 4. LOAD LINES for 
referred to negative filament terminal. 
referred to positive filament terminal. 


Fig. 3, 
load line EF is 60 wa for a three-decade 
swing in grid current, when Rz is 10,000 
ohms. When the anode battery volt- 
age drops to 6.5 v the bucking battery 
is assumed to drop by the same amount 
current falls to 169.5 
adjusted to restore 


the anode-current swing on 


and the bucking 
wa. Re. is now 
meter zero with the resulting load line 
GH and a swing of 60.5 wa correspond- 
ing to a full-scale error of less than 10%. 

The load lines LK and NM in Fig. 
tb show that when the filament voltage 
drops alone, there is a decrease in R» 
needed to restore meter zero and this 
helps compensate for the decreased 


sensitivity which would otherwise 
result from thi 
perature. Thi 


duced filament voltage alone is 58.2 ya. 


lower filament tem- 
current swing for re- 


If both filament and anode voltages 
are assumed to fall together, the net 
change in anode current swing will be 
1.3 wa corresponding to a log scale error 
of 19.6%. By contrast the conven- 
tional circuit, under the same condi- 
tions would introduce a log scale error 


of nearly 200%. 
Performance Comparisons 


Thirty-one CK5886 tubes were used 
to compare the performance of the two 
circuits when operated for several hours 
with batteries maintained at —23° F. 
The anode and filament batteries were 
Mallory TR-165R and RM-42R re- 
spectively, both of which were chosen 
for their large capacity to help improve 
circuit stability. The tubes were aged 
for 100 hr before being put into service. 
For 24 out of the 31 tubes tested, the 


compensated floating-grid circuit. 
EF is for fresh batteries. 
KL is for fresh batteries 


(a) Anode voltages 
(b) Anode voltages 


average drift corresponded to a log 
scale error of 15% for the compensated 
connection compared with 60% using 
the conventional circuit. 

The tests show that most of the 
CK5886 tubes produce a drift less than 
1 ain circuit sensitivity as the batteries 
drop in temperature from room level to 
—20° F, for the compensated circuit. 
On a three-decade log scale this corre- 
sponds to a maximum drift in reading 
of 15% due to battery instability alone. 

The degree of compensation obtain- 
able does depend upon circuit values 
and battery voltages chosen. For 
example, the larger the meter resistance 
the less the value of R» needed for the 
same sensitivity and hence the less the 
Similarly, 


compensation obtainable. 


with a higher battery voltage and a 


correspondingly larger voltage drop 


across R», the fractional change in R,» 
required for rezeroing is less and thus 
the compensation is reduced. 

Provided other sources of error are 
under control, the compensated con- 
nection described will allow a simple 
wide-range radiae to be built without 
the need for separate voltage stabiliza- 
tion. In 
ments in special batteries for extended 


addition, recent develop- 
low temperature operation, such as the 
RM-1450-R, will allow the compen- 
sated wide-range radiac to operate with 
greater accuracy. 

* * * 


Issued as DRCL Report No. $33. 
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See the Gammacell 220 at Booth No. 212-213 at the 1960 Western 


Atomic Industry Fair, December 12—15 
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cry aromic ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION, P.O. BOX 93, OTTAWA, CANADA 


NOW! 
a pulsed 


neutron —s 
generator 


for less 
than $5,000” 


OMNITRON 





shown mounted in use. 


Greatly increases research c ymin *s of sub-critical assem- 
blies and training reactors. Allows demonstration of fusion 
reactions and neutron counting techniques, makes radio 
isotopes and stt die s transient behavior of neutrons. Is simply 
onstruc ted, compact, portable. Requires no special installa- 

er fa cilities. Five different models available. 


Prices start at $4,950. 


CENTRAL SCIENTIFIC Co, 
A Subsidiary of Cenco Instruments Corporation 
1700—- Irving Park Roads Chicago 13, IIlinois 
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Cenco S.A., Breda, The Netherlands Tulsa 
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NEUTRON SOURCES 
now Within Your Budget! 


Take advantage of a new low price for Isotopes’ 
SAFE* Polonium-Beryllium Neutron Sources. 
Ideally suited for reactor startup; activation 
analysis; and educational uses. Write today to 
Dept. N-9 for more information and Catalog #625. 








*SAFE TO USE... SAFE TO HANDLE 
This Polonium-Beryllium Neutron Source is: 
© Doubly encapsulated in stainless steel. 
© Container is Heliarc welded throughout. 
© Adequately leak-tested. 
© Shipped in safe shipping container. 
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Relative Worth of Control Materials 


By JOHN L. RUSSELL, Jr. Vallecitos Atomic Laboratory, General Electric Company, Pleasanton, California 


Many facets of the nuclear-physics 
problem of control elements submit to 
“brute force” calculation. That is, 
most of the problems can be studied 
via complicated digital-computer pro- 
grams, provided the work is backed up 
by definitive experiments. However, 
the problem of the epithermal worth of 
a control elernent does not fall in this 
category. In the first place, many 
resonance cross sections are not suffi- 
cient]y well known to permit calcula- 
tion of the epithermal worth of a con- 
trol element. Furthermore, even if 
such data were available, the formula- 
tion and solution of a rigorous treat- 
ment of the resonance absorption in 
control elements would be almost hope- 
lessly time-consuming. 

As an alternative to complete ma- 
chine calculations I propose a semi- 
empirical treatment of resonance ab- 
sorption that promises to circumvent 
the knottiest portions of this problem. 
The simplification is based on the 
postulate that, for slab-type control 
elements, any resonance absorber can 
be replaced by an equivalent amount of 
boron, which will have the same epi- 
cadmium absorption rate, and that this 
boron equivalence is the same for all 
“reasonably”? thermal reactors. The 
boron equivalence can be determined 
experimentally for all interesting ele- 
ments, as a function of thickness, with 
ordinary coupon experiments. If the 
postulate is correct, then we can re- 
place the epicadmium resonance-ab- 
sorption problem by the much simpler 
epicadmium boron-absorption problem 
(see Fig. 1). The importance of this is 
that it may provide for reactor de- 
signers a reliable description of the 
epicadmium capture in control ele- 
ments. A description of proven reli- 
ability does not now exist, even though 
epithermal worth in nominally thermal 
systems can approach thermal worth. 

Let us first review what we do know 
and what we do not know about cou- 
pon, or relative-worth, experiments and 
their applicability to the boron-equiva- 


lence concept. I will then go on to 








Energy (ev 


FIG. 1. Absorption cross sections of control 
materials compared with boron cross sec- 
tion. Cadmium curve shows cadmium 
cutoff at about | ev 


present some of our boron-equivalence 
data. 


Coupon Experiments 


The coupon experiment is simply the 
measurement of the relative effective- 
ness as control elements of small sam- 
ples (or coupons) of absorbing elements. 
The technique is to measure the reac- 
tivity effect of inserting a small sample 
into a reactor and to compare this with 
other small samples of the same geome- 
try located at the same place in the 
The reactivity measurement 
can be made in terms of element posi- 


reactor. 


tion, change in reactor size, poison 
concentration or even source multipli- 
The relative worths of any 
two samples can be accurately deter- 


cation. 


mined, even though absolute worth of 
any one sample contains the usual un- 
certainties of any absolute reactivity 
measurement. However, it is not clear 
that relative worth measures anything 
about resonance capture in control 
materials that is applicable to reactors 
in general. 

In the first place, relative worth of 
two coupons, in itself, cannot be gen- 
eralized simply because the worth of a 


resonance absorber depends directly on 
the ratio of the epicadmium to the sub- 
cadmium flux in the reactor. For 
example, the ratio of worths of hafnium 
to cadmium samples in reactors of 
different spectra has been observed to 
differ by a factor of two. 

Second, it is difficult to extract direct 
information about thermal absorption 
measurement, because 
robs 


in a 
epicadmium 
neutrons from the thermal group. 


coupon 
absorption source 

One 
experimental measurement of this effect 
(see box) showed that, given a cadmium 
control rod absorbing x neutrons per 
second, adding resonance absorption to 
the cadmium decreased z by 40% of the 
resonance neutrons captures. In any 
event, the subcadmium transmission 
depends strongly on the shape of the 
thermal spectrum and the transport 
properties of the moderator. 

On the other side of the ledger we 
know that for reasonably sized coupons, 
the reactivity observed is almost pro- 
portional to the fraction of neutrons 
absorbed by the coupon. This is an 
expected result since the epicadmium 
neutrons absorbed are, in general, of 
such low energy that one would expect 
them to be worth about the same as 
thermal neutrons, even in low-enrich- 
ment This 
experimentally. 

Also, there 
theoretical 
problems. 


cores. has been verified 


has been some recent 
investigation of related 
Mullins at KAPL (1) has 
looked at square-shouldered resonance 
absorption in thermally black slab con- 
trol Selengut- 
Goertzel moderator of infinite extent. 
He found that the number of neutrons 


absorbed by the slab is insensitive to 


rods immersed in a 


the location in energy of the resonance, 
provided the slab transmission in the 
usual sense is held constant by varying 
resonance width. 

I would twist Mullins’ conclusion to 
restate it: If two coupons of identical 
geometry but different composition ab- 
sorb the same number of epicadmium 
neutrons in one reactor, they will ab- 
sorb the same number of epicadmium 
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High Quality— High Performance Guaranteed Fuel Pellets 


perfect hollow core pellets—examples 
of the quality and perfection that Westinghouse is able 
to obtain on long or short run production. 
imperfect pellets representing 
minute variations in powder preparation, particle size 
and distribution, sintering cycles, die designs, etc. 
Westinghouse makes perfect pellets on a production- 
any blend, any size run—solid, annular or 
hollow core. This hard-to-develop ability in this still new 
industry is the result of a strong, concentrated, continu- 
ous research and development program—a program so 
precise that before any production run is started, all de- 
tails are checked and verified in our manufacturing de- 


In the center 


In the background 


line basis 


Vark— Pellet loaded fuel element. 


velopment laboratory to guarantee highest quality and 
most economical cost. 

Take advantage of this unusual fuel manufacturing 
ability for your nuclear fuel requirements from solid, an- 
nular or hollow core pellets to Pellements*, fuel assem- 
blies and complete cores. Call your local Westinghouse 
sales engineer or write Westinghouse Electric Corporation, 
Atomic Fuel Department, P.O. Box 217, Cheswick, Pa. 


You can be sure... if it’s Westinghouse. J-58004 


Westinghouse 
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neutrons in all reasonably thermal re- 
actors. The limitation of “reasonably 
thermal” is apparently that the reactor 
must be characterized by a cadmium 
ratio* for the fuel of greater than some- 
thing in the vicinity of 2.0. Uberall of 
General Atomic (2) has investigated 
epicadmium absorption of slabs in a 
Fermi-age moderator. His conclusions 
are favorable to the postulate. There- 
fore, we have indirect theoretical 
grounds for believing that boron-equiv- 
alence is not sensitive to moderator 
properties. 


Absorption Parameter 


If the postulate is indeed borne out in 
fact, then it means that the epicadmium 
absorption of a slab-type control mate- 
rial can be described by a single parame- 
ter, which is a function only of the 
thickness, or surface density, and is 
independent of all other reactor proper- 
ties. This concept was first investi- 
gated experimentally by Bach and Way 
at KAPL (3). Their experiment con- 
sisted in measuring the worth of several 


* Ratio of total captures in fuel to cap- 
tures in fuel above cadmium cutoff energy. 


small coupons in a series of three hydro- 
The 


were 


genous, fully enriched reactors. 
of the three 
characterized by fuel-cadmium ratios 
of 23 (which is quite thermal), 5 and 3 
(a harder spectrum reactor). They 
analyzed the data by the 244 group 
method of Deutsch. In this method 
the control element is characterized by 
a thermal and an epithermal transmis- 
They assumed that they could 
thermal transmission for 
their samples. found that if 
they chose an epithermal transmission 
for a particular sample, in a particular 
reactor, which would yield the experi- 
mentally determined relative worth, 
then this transmission could be used 
to predict the worth of that sample for 
the other reactors considered. 

This is a highly significant piece of 
work and is worthwhile reading for 
anyone interested in the physics of the 
However, it is 
difficult to generalize their experi- 
mental results. First, the parameter 
that describes the epithermal proper- 
ties of the contro] material is model- 
That is, the parameter 
the choice of 


spectra systems 


sion. 
calculate a 
They 


control of reactors. 


dependent. 


depends upon cross 








Relative Worth vs. Neutron Absorption 


A key experiment performed at Vallecitos as part of the AEC study on 
control-rod materials has successfully tied relative reactivity worth of materials 
directly to the fraction of neutrons absorbed in the material. In this experi- 
ment the author and Walter R. Morgan (GE-Vallecitos) irradiated the gold 
coupons used in the boron-equivalence experiments (see text) and carried out 
an activation analysis to determine the fraction of neutron flux absorbed in each 
sample. Experiments were performed with several thicknesses of gold 
samples, both bare and in a thermally black (20 mil) cadmium box. The 
resulting plots of relative worth vs. activation proved to be straight lines for 
both the bare and cadmium-covered samples; however, the straight lines had 
different slopes. The fact that the bare activation plot is a straight line means 
that epicadmium neutrons absorbed by the gold have the same reactivity worth 
as thermal neutrons. The different slopes obtained for the cadmium-covered 
and bare samples merely indicate that the slowing-down source of thermal 
neutrons is reduced by epicadmium absorption. In other words capture 
of epithermal neutrons inside the cadmium box by the gold reduces 
the number of thermal neutrons captured by the cadmium box. This 
does not change the conclusion that the epicadmium neutrons are worth the 
same as thermal neutrons as long as we look at the absorptions in the gold 
sample itself; if we consider absorptions in both the cadmium layer and the 
gold then epicadmium neutrons have a reactivity of only 0.6 that of thermal 
neutrons. 

A final unexpected result came from fitting the data to 2!¢ group-theory 
predictions. To fit the experiment one must assume a very narrow energy- 
group width for the epicadmium neutrons—0.6 ev to about 7.0 ev. Hence, an 
ordinary three-group description, in which the epitherma! group is taken to 
extend to 10° ev, can be expected to overestimate the worth of epicadmium 
capture by about 30%. 








sections for the second group, as well as 
the ability to calculate the number of 
neutrons removed thermally. Second, 
normalizing a simple theory to experi- 
ment by single 
parameter, in this case transmission, 


specification of a 


very often hides a multitude of sins. 
It is not known at the present time 
whether or not this is the case for the 
Deutsch model. Third, the object of 
the experiment was to demonstrate the 
validity or otherwise of the concept, 
and not to provide adequate trans- 
mission data for a generalized control 
rod calculational Therefore, 
only a few samples were run and the 
their dis- 


model. 


samples were chosen for 


similarity of absorption properties. 


Boron Equivalence 


In order to avoid these conceptual 
difficulties, we defined ‘‘ boron-equiva- 
lence.’”’ Boron-equivalence is defined 
for slab that 
density of boron which will produce the 


absorbers as surface 
same reactivity effect on a reactor as a 
sample of another element of some 
density. By the 
previously mentioned postulate, if such 


particular surface 


equivalence is defined for samples lined 
with cadmium, then the equivalence is 
independent of the properties of the 
reactor, provided the reactor meets the 
restriction of being reasonably thermal. 

As a result of these considerations, 
R. A. Becker at Vallecitos, undertook 
a program for measuring boron-equiva- 
water- 
moderated critical assembly. We have 
data on 18 elements, both with and 
without cadmium liners (4). 


lence in a low-enrichment 


The experiment consisted of a series 
of ordinary coupon measurements done 
both with cadmium- 
covered samples. We first obtained 


with bare and 


curves for relative worth vs. surface 
density for the bare samples and the 
same thing for the cadmium-lined 
By cross-plotting with simi- 
lar curves for boron we obtained the 
both 


cadmium-covered samples. 


samples. 
boron-equivalence of bare and 
Figure 2, 
which shows the boron-equivalence for 
indium determined by the cross plot, 
typifies the results obtained. 

Notice that for thin samples the bare 
and cadmium-covered curves are quite 
different, but, as the samples become 
black to all subcadmium neutrons, the 
curves merge as would be expected. 
We should emphasize that the bare 
curves are not of general usefulness 
because the particular curve obtained 
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A is FOR American-Standard 


known throughout the world as a symbol of quality 








known in the fields of nucleonics and astronautics 


ADVANCED as an experienced, highly responsible source of 
is FoR TECHNOLOGY 
LABORATORIES 


A DIVISION OF American-Standard 


reactor design and fabrication, and advanced 
electronic systems 
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A IS FOR ACHIEVEMENT ATL has achieved many impressive ‘“‘firsts”’. . . the 


first U. S. reactors for civilian use in Japan, Egypt, 
Pakistan, Australia . . . the first truly low-cost re- 
search reactor systems for universityand medical use 
... first in fuel element technology for EURATOM... 
highly significant firsts in advanced reactor systems 





for power and process steam... 





you are invited to visit us at booth 505, at the 
1960 WESTERN ATOMIC INDUSTRY FAIR in San 
Francisco, December 12 through 15 
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Indium (gm/cm*} 


o Bare 
© Cadmium covered 


008 Ol@ O68 O2 

Boron Surface Density (gm/cm?) 
INDIUM. Boron-equivalent  sur- 
face density for indium. Solid line is 
theoretical result for 1/v indium cross 
section. Above point where curves join, 
bare sample is black to subcadmium 
neutrons—bare-sample thickness is deter- 
mined by thickness needed to match 
epicadmium absorption in boron 


FIG. 2. 


will depend upon the reactor in which 
the determination is made. However, 
the cadmium-covered curve should be 
generally applicable and, therefore, of 
considerable use to the reactor designer. 
The straight line is calculated from the 
thermal cross section and 
correct only if the energy dependence 
of the indium cross section were the 
same as boron, that is, 1/». 

Figure 3 gives the boron-equivalence 
of hafnium. Even at these high sur- 
face densities, hafnium is apparently 
not black to all subcadmium neutrons, 
so the two curves do not merge on this 
plot. However, at these thicknesses 
one would expect the boron-equiva- 


would be 


lence to be insensitive to the cadmium 
ratio of the reactor spectrum. This 
insensitivity permits cross checking 
the data with the KAPL data. Two of 
their hafnium samples bracketed the 
worth of a boron sample which was 
their series of reactor 

Their data give three 
determinations of one point on the bare 


measured in 
configurations. 


boron-equivalence curve of hafnium 
by a short interpolation. The two 
measurements 
agree quite well with our bare curve 


soit-spectrum reactor 
and the harder spectrum deviates in 
the direction of the cadmium-covered 
curve, which is again in the direction 
expected. 

One other datum is available from 
some Bettis experiments reported in a 
BMI report (5). This also falls on the 
bare curve. The general agreement of 
these numbers obtained from five dif- 
ferent reactors lends credence to the 
concept of boron-equivalence ; however, 
cadmium-covered data. will be required 
for a real check of the postulate.* 

Figure 4 shows the special case of 
cadmium-covered cadmium. The two 
The reason for 
this is apparently that the cadmium- 


curves do not merge. 


* Note added in proof: Recent experi- 
ments on Cd-covered samples of europium 
at KAPL in a fully enriched hydrogen-mod- 
erated core have duplicated our Cd-covered 
boron equivalence data from a low enrich- 
ment hydrogen-moderated core to well 
within experimental error. 
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FIG. 3. HAFNIUM. Boron-equivalent surface density for hafnium. 


Curves approach 


but do not join because bare hafnium samples are not quite thick enough to be black to 


subcadmium neutrons 
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Cadmium (gm/cm*) 


o Bare 
o Cadmium covered 


—— 4 
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Boron Surface Density (gm/cm*) 


FIG. 4. CADMIUM. Boron-equivalent sur- 
face density for cadmium. Here curves do 
not merge at high surface density because 
in this special case the filter is of the same 
material as the sample 


resonance absorption is_ specifically 
shielded by the cadmium liner. This 
effect invalidates the cadmium-covered 
data. However, cadmium- 
shielding should be an 


effect for the 


cadmium 
resonance 
unimportant other 


samples. 
Unanswered Questions 


There left 
unanswered which we will continue to 


are several questions 
investigate. 

e What is the upper limit of spectral 
the 
boron-equivalence breaks down? 

e Is the postulate valid for other than 
This question 


hardening at which concept of 


hydrogenous reactors? 
arises because there are no data availa- 
ble to check the theoretical arguments 
on this point. 

e Are the data applicable to cylin- 


drical or irregular control-element 
configurations? 


* * * 


Work performed under an AEC contract 
[AT(04-3)-189, Project Agreement No. 4) to 
study the physics, metallurgy, and engineering 
aspects of control materials. 
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The new Hughes MOBOT* Mark 2 System offers new versatility for every remote handling requirement 


Around, over and under, the Mark 2 Arm reaches the hard to The versatility of the system, the flexibility of the arm, and the 
get at places. Superior to any other remote conte rm, the ability to perform reliably in almost any environmentpmake the 
Mark 2 will move 180 degrees in any direction at three 'MOBOT Mark 2 System ideal for use in ‘‘hot'’ “they reactor 
joiftts; the wrist will rotate continuously in ii ag. maintenance and repair, underwater constfuctio salvage, 
telescopes 3-1 2%nches. The Mark 2 Arm is fi ( ‘fite.fighting or automating any dangeroug or tedious manufac- 
will lift 25 Ibs. whildthe arm is in any position. It canb Y 1 turing pngistion. *Trademark of H.A.C, », re 

on a wall pole, BOOMM@RE@mote controlled vehicle. De 


7 


The modules making up the elegt#®-mechanical MOBOT Mark For ~~ delivery dates} Or for enginéering assistance with 


2 System— Mark 2 Arat(or Arms), a oct System,Command your remotetiah nt, contact: HUGHES NUCLEAR 


System—can be custom combi eet your exact require- ELECTRONIGSLABORATO ox 90915, Los Angeles 45, Calif., 
ments. Buy only the capabilities outed. TWX 4NGE 4036. ORchard 


ele sons GD 


NOW...more “* 
freedom Oke. 
movement Nang 
apc human arm’ 


Jt 


6 os 


vee CREATING A NEW WORLD wiTH ELECTRONICS 


‘ HUGHES 
GS oe 


SEE THE MOBOT MARK 2 SYSTEM IN OPERATION AT THE ATOMFAIR-WEST IN SAN FRANCISCO, DECEMBER 12-15, BOOTH 419-21 





A new 
E.M.! Multiplier 
Phototube with 

extended 
Cathode area 


TYPE 9600B 


A special tube for use in probe applica- 
tions, e.g. radiation monitoring, which 
has considerable side-wall sensitivity. 
Total 


shaded above) about 20 cm* compared 


effective cathode area (shown 


with the end window area of 4 cm’. 


TYPICAL CHARACTERISTICS 


Cathode 
No. of stages 


EMI ‘S’ type 

11 box and grid 
30 wA/L 

200 A/L 

1600V for 200 A/L 
0.2 uA at 200 A/L 
14-pin glass 


Photosensitivity 
Overall sensitivity 
Overall voltage 


Dark current 


E.M.I. 
ELECTRONICS 
LTD. 


VALVE DIVISION HAYES MIDDX ENGLAND 
Representative in U.S. 

Hoffman Electron Tube Corp., 804 Newbridge Avenue 
Westbury, L.1., N.Y. Tel: EDgewood 3-6650 


A Method for Comparing 
Reactor Control Materials 


By T. J. PASHOS, G. D. RITLAND and J. L. RUSSELL, Jr.* 


Atomic Power Equipment Dept., General Electric Co., San Jose, California 


control material, the 
must compare the 
available control 
as their reactivity 


To choose a 
engineer 
the 


well 


reactor 
economics of 
materials as 
worths. 

We have developed a short analyti- 
cal method (1) for preliminary com- 
parisons of both types. More rigorous 
methods of analysis are sometimes not 
completed until the design is well 
under way. 

Starting with the control-material 
relative-worth data developed by Rus- 

‘ll and Becker in the previous article 


p. 88), the method relates the surface 


se 


an absorber material in a 
reactivity 


density of 


slab-type control rod to 
worth and nuclear life. 
Given a realistic value for the ex- 
pected life metal- 
lurgical, whichever is limiting), the 


by estimating the costs of 


useful (nuclear or 
designer, 
control-element fabrication, can deter- 
mine the cost of using each absorber 
material on a cost-per-year or cost-per- 
kilowatt-hour basis. 

The method is limited to slab-type 
including cruciforms) in 
The 


model is best for systems moderated by 


control rods 
a predominantly thermal reactor. 


light hydrogen, but could be modified 
to accommodate other moderators. 
The method assumes that the basic 
nuclear and physical parameters of the 
to be studied 
established. This includes parameters 
such as total 
control rods, size and shape of control 
diffusion length 
excess reactivity of the core. 


Reactivity Worth 


The first step in the method is to 
determine the minimum relative worth 
R the system needs to control the reac- 
tor at the maximum reactivity condi- 
tion. For this we use a simplified 
version of the Hurwitz-Roe (2) area 


reactor have been 


core size, number of 


neutron and 


rods, 


ree * Vallecitos Atomic Laboratory, Pleasan- 


EEI? 


94 


ton, California 


rule. The rule states that the worth 
of a control element is proportional to 
the surface area of the element and the 
statistical weight of the region in which 
located. In this analysis, we 
assume that the statistical 
weight of all control element positions 


it is 
average 


in a large power reactor is unity, and 
that the constant of proportionality is 
L./V. This leads to the formula 


Ak] _ AL, 
ki OV 


A = total surface area of all control 
elements. (A slab of length J and 
width w would have a surface area of 
2wl) 

= thermal 
cold condition 


(1) 


diffusion length in the 


V = core volume 
Ak 
=| = control-system thermal worth 
v t 


To obtain the total worth of the 
control system (thermal plus fast) 
Ak/k, we multiply the thermal worth 


by the relative worth R defined by 


Po - 


Po — Pstandard 


Psample 


R= 


For a fixed reactor size and geometry, 
p. = reactivity with no sample in the 
reactor, Psample = reactivity with sam- 
ple inserted, Petandara = Teactivity with 
standard inserted. Multiplying both 


sides of Eq. 1 by # leads to 


Ak [Ak p — ALR 
. to. V 


Ak bs) $2 
where — = control system effective 
k ; 
worth including epithermal absorption 
in the cold, clean condition. 

The Hurwitz-Roe area rule assumes 
that the control system is made up 
entirely of a material which is black to 
thermal neutrons and completely trans- 
parent to epithermal neutrons, Since 
of cadmium 0.020 in. thick 


approximates these conditions, it is 
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Instruments on Foxboro- 
designed Console indicate, 
record and control reactor 
temperatures, flow, steam 
generator level, pressures, 
conductivity, as well as 
computing Btu’s. Pressur- 
ized- water type reactor 
was designed and built 
by Alco Products, Inc., 
Schenectady, N. Y., for 
the U. S. Army Corps of 
Engineers. 


Snow-Millers are cutting tunnels to connect various facilities of 
Camp Century. Under-ice equipment will be fully protected 
from Arctic environment. 


Instrument reliability a must 


A complete community, buried 24 ft. under the ice — 
this is the U. S. Army’s Camp Century, now under con- 
struction on the Greenland icecap, 800 miles from the 
North Pole. 

The Foxboro-instrumented nuclear power plant — 
built on 10 separate skids — will provide power for the 
remote base. Its core of uranium will produce a year’s 
supply of steam and electricity before refueling. 

For this installation, where reliability is so critical, 
dependable Foxboro electronic Consotrol* instruments 
were specified. 100% solid state — no vacuum tubes to 
replace instantaneous response. Instruments have been 
performance-proved to operate down to —20F, and to 
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24 ft. deep tunnels are covered permanently with metal strips. 
Powdered snow, blown back over them, forms roof of tunnel. 


this Army base in Greenland 


withstand storage temperatures as low as — 50F. Foxboro 
console can be easily operated by one man. 

Foxboro electronic Consotrol instruments are especially 
suited for nuclear power control systems. Ask your 
Foxboro Field Engineer to show you the reasons why. 
Or write for Bulletin 1-17A. The Foxboro Company, 
6212 Neponset Avenue, Foxboro, Massachusetts. 

*Reg. U.S. Pat. Of. 


FOXBORO 


REG. U.S. FAT. OFF, 
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for Your 


Development Work 


Oak Ridge National Laboratory offers 
more than 300 radioactive and stable 
isotope products. 


RADIOISOTOPES 


Processed Solutions — 90 processed ra- 
dioisotopes may be obtained, including 
many carrier-free and high specific activ- 
ity products. 


Now Available — [Iridium -192 gamma 
sources with specific activity up to 100 
curies per gram, and cobalt-60 radiogra- 
phy sources 1/8 and 1/16-inch in diame- 
ter with specific activity greater than 
100 curies per gram. At a reduced price, 
carbon-14 barium carbonate is available 
at $9.50 per millicurie. 


STABLE ISOTOPES 


More than 200 stable isotopes available 
from 50 elements. ... Chemical processing 
and target fabrication services also of- 
fered. ... Ultra-high isotopic purity in a 
number of isotopes. 

For information or literature, write to: 
Isotopes Division, Oak Ridge National 
Laboratory, P.O. Box X, Oak Ridge, 


Tennessee. 
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FIG. 1. 


the standard employed here for deter- 
mining relative worth. 

R has been determined empirically 
in the critical assembly at Vallecitos 
Atomic Laboratory, a slightly enriched 
thermal reactor, by R. A. Becker and 
J. L. Russell (3 and previous article). 

In Fig. 1, R, 
divided by worth of a 0.020 in. cad- 
mium sheet, is plotted as a function of 
surface density of absorber. Although 
the curves in Fig. 1 are numerically 
exact only for the thermal reactor in 
which the data were obtained, they can 
be used satisfactorily for any other 
neutron spectrum of 


the worth of absorbers 


reactor with a 
thermal or slightly epithermal energies. 
From Eq. 2 we can calculate the R 
required to give the negative reactivity 
in the control rods needed to maintain 
the reactor core subcritical in the cold, 
clean condition 
then 
control 


the surface 
density of material that 


result in the caleulated value of R. 


gives 


Figure 1 
will 


Reactivity Lifetime 


The second step in the method is to 
determine the control-system lifetime. 
Lifetime is a function of the 
amount of absorber put into the control 


(a) 


rods in excess of that required to make 


Reactivity worth of control materials relative to 0.020 in. thick Cd sheet 


the cold, clean core subcritical and (b) 
the rate at which it is converted by 
The 


rate is a function of the absorber cross 


neutron absorption. conversion 
section, the average excess reactivity 
of the operating core, the reactor power 
level and load factor. 

Burnup is considered as the total 
number of control material atoms that 
have absorbed neutrons in the whole 
reactor; it is not expressed on a unit- 
area basis since unit-area burnup 
depends upon the method of operation 
and cannot be simply generalized 
However, we account for high burnup 
rate in local areas owing to flux peaking 
by a hot-spot factor m. This is the 
ratio of the peak absorption to the 
rod 


burnup of 


absorption in a and 
represents the 
absorber in areas of high flux (e.g., rod 
We assume that all rods see the 
flux (nvt) the 
peak-to-average absorption in each is 
This may be approximated 


average 


increased 


tip). 
same integrated and 
the same. 
by judicious programming of the con- 
trol rods, although in practice such a 
program might not give the optimum 
operation. 

Relative worth R in Eq. 2 is a fune- 
tion of surface density and therefore 
varies with burnup because the effec- 
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A NEW STANDARD 


HARVEY-WELLS CORPORATION BOX 189, FRAMINGHAM, MASS. TRINITY 2-4365 OF EXCELL ENCE 


ae a 


NUCLEONICS 


ORDER NOW 


price: $2.50 each 
3 for $7.00, 
6 for $13.00 


We pay all postage charges in 
the U.S.A. Canada and Foreign 
add $1.00 per order. SATISFAC- 
TION GUARANTEED OR YOUR 
MONEY BACK. 





A magnet program staffed with specialists in metallurgy, 
magnet design, and solid state research application, 
together with consultants of recognized 

stature, has produced a 

“new standard of excellence” in electro- 

magnet design which has the end 

user in mind affording greater flexibility 

and ease of operation. 

A cast yoke for increased mechanical rigidity 

and field homogeneity and a continuously regulated 
power supply are but two of the advanced 

features of the Harvey-Wells Electromagnets. 

Full specifications and performance details 

will be sent promptly upon request. 





a 
magazine file | 
for 

NUCLEONICS | 
readers 


| 





e Each file holds a 
full year’s copies. 


-@ Covered in durable, 


leather-like Kivar, 
title embossed in 16 
kt. gold. 


Order direct from: 

MAGAZINE FILE COMPANY = = 

520 FIFTH AVENUE al 
NEW YORK 36, NEW YORK | JERPBAK BAYLESS 








34150 Solon Rd. 


FREE DESCRIPTIVE FOLDER UPON REQUEST Cleveland 39, Ohio 
Vol. 18, No. 12 - December, 1960 





water - source of life 


PHILIPS WN.V. PHILIPS’ GLOEILAMPENFABRIEKEN 


EINDHOVEN-HOLLAND 


From time immemorial man has 
laboured on the provision of his 
drinking water, a fact strikingly 
demonstrated by the still existing 
aquaducts built by the Romans 
2000 years ago 

To-day the degree of care de- 
manded by the need for good 
quality water is steadily growing. 
Increasing use of radioactive iso- 
topes and the putting into oper- 
ation of nuclear reactors necessi- 
tate regular checking of the 
radioactive content of water, not 
only for human consumption but 
for the promotion of animal and 
plant life as well 

Radiation levels encountered 
daily practice are low: 
tolerance level of contamination, 
as accepted by the I.C.R.P.*), has 
been defined to 107“C per cm* 
of water. A further reduction of 
this standard might be expected 
in the future 

Measurement of these low acti- 
vities calls for cumbersome and 
complicated equipment - if use is 
still made of conventional appa- 
ratus. However, Philips low-level 
beta counting assembly, type PW 
4127 represents a remarkable 
solution. 


in 


With a background count rate | 


of only 1 c.p.m., the measure- 
ment of low intensity samples is 
reduced to short duration test- 
ing on a routine basis, yet with 


a definite accuracy: 

Beta contamination of 15 x 10° 
44Cicm® of drinking water is de- 
termined in one hour with a 
probable error of 12% (or in 30 
minutes with a probable error of 
17°) when measuring the sedi- 
ment of 300 cm* 

This is less than 1/7th 
1.C.R.P tolerance level. 


* 1CRP. International Commission 
on Radiological Protection 


PHILIPS 


nuclear equipment 


of the 


Particle accelerators @ Reactor contro! instrumentation @ Health protection and monitoring equipment 
@ Radiation measuring and detection equipment @ Geiger counter tubes @ Photomultipliers @ Radio- 
active isotopes @ Vacuum measuring equipment @ Air and gas liquefiers 
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changes with 
To be able to shut down the 
reactor at all times, R must not fall 
| below the value previously determined 


jtive surface density 
| burnup. 
| 


to control a cold, clean core. 

The time it takes for the absorber 
surface density to decrease to this value 
|of R is defined as the nuclear lifetime 
| of the control] rod. The rate 
| decrease in surface density is a function 


of 


of the average neutron flux times the 
hot-spot factor. The of the 
hot-spot factor is generally in the range 


value 


of 3-6, depending on core size and 
geometry. 

We have the following recipe to de- 
First 
the fractional change in surface density 


termine control-system lifetime. 


F is defined as the ratio of minimum 
absorber surface density, S;, to the 
initial surface density of the absorber, 

The maximum S,; depends on the 


<~ Europium 


\ . 
NX Siver 


‘ Dysprosium 
Hofnium 





0.3} 
02} 


0.1} 





Effective Fractional Surface Density, * 


Boron ‘Erbium 

ey set ee OE ae ee OY ee 

0!) Q2 03 04 05 06 O07 08 09 
Fractional Burnup, 8 


FIG. 2. Fraction of initial absorber surface 
density vs. fraciion of absorber burnup 


metallurgical limitations of the control 
rod. SS; is the final absorber surface 


density required at the end of life. 
(3) 


From Fig. 2, for any given F one 
can find the corresponding fractional 
|burnup. The fractional burnup is the 
| fraction of all the absorbing-element 
isotopes that have actually absorbed 
ineutrons. This 
| the fact that not all the isotopes of an 


curve accounts for 


absorber have the same absorption 
leross section and that there are some 
| isotopes that form absorbing chains. 

| The product of the total number of 
|absorber atoms in the control system 
and the fractional burnup, divided by 
the hot-spot factor, the total 


of neutrons can be 


gives 


number that 
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How 


do you 


SCRAMBIE 


anEgg 
without 
breaking 
the 

shell 


Can't be done? Similar problems have been solved through the imaginative use of specialized United technologies. 


For Solutions to Problems Involving the Transmission 
of Power, Information and Motion through Environmental 
Barriers while Maintaining the Integrity of the Barrier, 
Contact United Atomic Power. 

Atomic Power Department 


UNITED SHOE MACHINERY CORPORATION 
BEVERLY, MASSACHUSETTS 


SEE US AT THE ATOMFAIR-WEST + BOOTH NO. 417 + MASONIC HALL, SAN FRANCISCO, CALIF. + DECEMBER 12, 13, 14, AND 15 





The New 
AM-33R 
Air 
Monitor 


The AM-33R is First to Provide 
Direct \dentification 
of Long Half-Life Emitters 


Due to natural radon progeny, identifica- 
tion of long half-life emitters with ordinary 
monitors means a delay of five hours 
or more, and requires multiple detectors. 
Now, with the new AM-33R air monitor, 
the presence of these emitters can be iden- 
tified directly, and almost immediately— 
with a single detector. 

PRICES—FOB, INDIANAPOLIS 
AM-33R (Moving Filter) 

Illustrated $6,580.00 
$5,230.00 


FOR DETAILS, PHONE LIBERTY 6-2415 COLLECT 


Nuclear Measurements Corp. 
2460 N. ARLINGTON AVE. 
INDIANAPOLIS 18, INDIANA 


International Office: 13 E. 40th St., New York 16. N. Y 
BOOTH 522 AT THE WESTERN ATOMIC IN 
DUSTRY FAIR 
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| Comparison of Absorber Materials for EBWR-Type Control System 


Calculate 
reactivity 
lifetime (yr) 


Absorber 
material 


Fabrication 


method 


Hf 
2 w/o nat B 
in 8.8. 


Welded slab 


cruciform 


Hf 
2 w/o nat B 
in 8.8. 


Sheet metal 
cruciform 
(EBWR-1 con- 
trol rods 

| 

| Roll-clad 10 w/o Eu,0; 
cermet plates in 8.8. 

30 w/o Dy2Os 

in 8.8 


assembled 
into cruciform 
Powder-filled B,C powder 
tubes assembled 
into cruciform 


* Yearly costs based on normal charges on 
est, and taxes. 


Relative 
yearly 


Estimated 
yearly 
10°$) * 


Estimated 
fabrication 
cost (10°$) cost cosl 
80.9 10.: 

10.1 5 


-apital investment such as depreciation, inter- 





absorbed by the rod system during its 
lifetime. 


(4) 


weight of absorber in all rods in 
grams 

= Avogadro’s number 
molecular weight of absorbing 
eleiment 

= fractional burnup 
peak-to-average absorption in a 
rod averaged over the rod lifetime 


The total energy produced, H, is 
assumed to be the number of neutrons 
absorbed, n, divided by the hot control 
worth (Ak/k,) the 
factor for neutrons per kwh of heat 
10'7 neutrons/kwh heat). 


and conversion 


(9R 


nr 


Ak 
2.8 < 10" neutrons kwh) | | 
(5) 


Finally, H, divided by the 
level of the reactor, gives the total 


power 


hours of operation of the reactor at that 
power level 


Typical Application 


As an example of how the method of 
comparative evaluation of control rod 
materials may be applied, we show in 
the table the lifetimes and 
calculated for various control materials 
in the Experimental Boiling Water 


costs 


Reactor (EBWR) control rod system 
(4). 

In this example several absorber 
materials are inserted into the EBWR 
control-rod geometries. The materials 
evaluated in addition to those actually 
the EBWR 


and stainless 


used in original core, 


hafnium boron steel, 
represent compositions which are con- 
sidered to be metallurgically feasible. 
The estimated costs represent the cost 
of fabrication of a set of 9 EBWR con- 
trol rods. This cost comparison is for 
illustrative purposes in demonstrating 
the use of the method of comparing 
refined 
the 
actual costs of removing and inserting 
the 
down time, and disposal of spent rods 
and the effects of rod worth and life- 
time on fuel-cycl 


absorber materials. A more 


cost comparison would include 


rods from reactor, reactor shut- 


costs 
~ * * 
This work was performed under Contract 
AT (04-3)-189, Project Agreement No. 4, he- 


tween the Atomic Energy Commission and the 


General Electric Company 
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Zero leakage nuclear pumps 


Yr? 


Since 1872 
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Four BJ Liner-Motor Pumps Provide Primary 
Cooling for AEC’s SPERT-III Project 


High temperature, high pressure and high capacity performance with 
zero leakage are demanded of these four Byron Jackson Liner-Motor 
Pumps. Employed to handle pressurized water for primary coolant 
at the Atomic Energy Commission’s SPERT-III project near Idaho 
Falls, the 500 HP pumps are operating at 650° F, 2500 psig, and are 
rated at 5000 GPM with a total dynamic head of 350 feet. 

In building pumps to such critical requirements, BJ calls upon the 
engineering skills and manufacturing methods that have made Byron 
Jackson a leader in nuclear pumps for all types of reactors...station- 
ary, or portable. The success of BJ nuclear pump design is proved 
through the installation or specification of BJ Pumps on practically 
every major commercial reactor in the United States. 

BJ quality does cost less in the long run! 


Byron Jackson Pumps, inc. 


A Subsidiary of Borg-Warner Corporation 
P.O. Box 2017-A, Terminal Annex, Los Angeles 54, California 





it’s good business 
to stay ahead in 


QUALI ig 


The pattern of pioneering in metalwork- | 
ing is universal: it thinks ahead, it plans | 


ahead...and it expects its pioneering 
resources to extend their own abilities to 
produce components of increased quality 
successfully and immediately. 


TMI small diameter tubing is proof- 
positive of this ability to stay ahead in 
quality and to match the pioneering goals 
of its customers. By keeping its quality 
and delivery promises, it has been the 
busy servant of nucleonics, astronautics, 
aviation, instrumentation! From every 
part of the United States and Canada, 
the “quality call” for small diameter stain- 
less steel, exotic and alloy tubing con- 
centrates on the TMI mark of quality and 
its ability to cold draw to 

specifications which demand our 

kind of men, methods and 

machines! Technical conferences 

are always welcome. 








When your product needs stainless steel 
or alloy tubing (.050” to 1.250” 0.D.) with 
atomic quality inside and outside fin- 
ishes and straightness ...and with walls 
drawn as close as .0005” (when such 
perfection is required) you need the TM! 


| the force of gravity. 
| ° bas . 
| range of fluid velocities the entire bed 


state 
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A discussion place 


for new reactor ideas 


Fluidized Bed for Rocket Propulsion 


By L. P. HATCH, W. H. REGAN and J. R. POWELL 
Brookhaven National Laboratory, Upton, New York 


We a reactor concept for 
rocket propulsion in which the fuel in 
the form of particles would form a ro- 
tating fluidized bed that would heat 
the hydrogen propellant as it passes 
through figure). This concept, 
we believe, has some of the advantages 
often mentioned for the ‘gaseous- 
core’ reactor-propulsion systems (1). 
At the same time it solves the major 
problem of the gaseous-core concept— 
finding an efficient way to separate the 
gaseous fuel from the hydrogen pro- 
pellant before the latter exits through 
the thrust nozzle. 

Normally one establishes 


propose 


(see 


a fluidized 


| bed by passing a fluid through a bed of 


solid particles in a direction opposite to 
Within a certain 


of particles is expanded and held in a 
suspension while the fluid 

The maximum fluid flow 
in such a system is limited to velocities 


of 


passes on. 


| for which drag forces do not exceed the 


normal particle weight. 


In a rocket engine flying in outer 


{space we must depend on rotation to 


| provide the 
jour 





mark of quality. Write, wire or phone | 
|gas flow through the bed of particles 


— Norristown, BRoadway 39-7700 


TUBE METHODS INC. 


Bridgeport (Montgomery County), Pennsylvania 
Distributors in principal cities throughout the U.S.A. 
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In 


gas propellant flows 


“oravitational” force. 


scheme the 


|radially toward the center through a 


thin rotating bed of fuel particles at the 
chamber circumference. Several major 
advantages follow: 


© The fuel would have large surface-to- 


mass ratio, which would permit very 


high specific power with attendant 


+|minimum fuel and core volume. 


@ Since fuel has no 
requirements, its 
temperature could be at a maximum for 
the material in question. 

@ Greater latitude in the choice of fuel- 
since, again, struc- 
and fabrication would 


the particulate 
structural-strength 


bearing material, 
tural strength 
be minor considerations. 

e Extremely high rates of propellant 


could be achieved without entrainment 


|of the fuel in the propellant stream. 


¢ Fuel could be added to make up for 


Beryllium reflector 
Fluidized fuel bs P 
a Control-rod drums 


slots 








Fluidized 
fuel 





~ Control-rod 
drum 





Beryllium — 


reflector ~—Steel pressure 
shel 
Gas - inlet 
slots 








Hydrogen 


FLUIDIZED BED REACTOR. Bed of par- 
ticulate fuel is maintained in rotation by 
propellant gas entering tangentially into 
cylindrical reactor chamber in vortex flow. 
Propellant gas absorbs fission heat as it 
passes through fuel bed held at circumfer- 
ence of chamber by centrifugal force. 
Although fluidized bed would be relatively 
thin (a few inches) it presents very large 
heat-transfer crea 


losses from chemical reactions between 
the fuel and the propellant gas and 
from fuel vaporization. 


Development of Design Concepts 


Two ways in which the required 
centrifugal force on the fuel particles 
could be achieved are (a) to rotate the 
fuel bed with a tangential flow of 
coolant gas into the reactor core (as 
shown in the figure) and (b) to rotate 
the core vessel itself, which in turn 
would impart rotation to the bed of 
fuel] particles—in this case all the cool- 
ant would enter through the porous 
walls of the The design with 
the tangential flow of coolant is at- 
tractive from the standpoint of me- 
chanical simplicity but the rotating 
would more readily maintain 
distribution of the fuel 


vessel. 


vessel 
a uniform 
particles. 


A series of preliminary experiments 
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carried out by the authors on a 2-in. 
diam version of the latter concept 
showed very satisfactory performance 
of the gas fluidized bed for rotations at 
about 2,000 rpm to give force fields of 
the order of 100 g’s. We have since 
constructed a 6 in. diam unit of the 
same type and have tested it at several 
hundred g’s. Weare also setting up an 
experiment to investigate the tangen- 
tial-flow concept. 

Our experience so far indicates that, 
from the standpoint of fluid-flow char- 
acteristics, the rotating fluidized bed 
appears to be worthy of further devel- 
opment with nuclear-rocket propulsion 
as the goal. For a 1-million-pound 
thrust, the reactor chamber would be 
about 3.5 ft in diameter and 7 ft long. 
With hydrogen as the propellant and a 
solid solution of uranium carbide in 
zirconium carbide as the fuel (melting 
point ~6,400° F), it should be possible 
to attain an exit gas temperature of 
5,400° F, with a corresponding specific 
impulse of about 1,000 sec. A pro- 
pellant flow of 1,000 lb/sec and a reac- 
tor power level of 25,000 Mw would 
provide the 10°-lb thrust. At this flow 
rate and with a chamber pressure of 
1,000 psi, the gas velocity in the fluid- 
ized bed would range between 200 and 
150 fps. To retain the fuel particles in 
the reactor under these conditions, one 
would require a centrifugal-force field 
of about 2,000 g’s, which could be 
achieved by rotating the fuel bed at a 
rate of some 2,000 rpm. 

The reactor would be of the thermal 
cavity” type described by Safanov 
2). Beryllium would appear to be the 
most attractive reflector, because of its 
lightness and good neutron properties. 
A typical reactor might have an 18-in. | 
reflector, weighing about 20,000 lb, and 
a critical mass of 30-40 kg of U***, We 
choose U?** because its high value of 
n (2.28) reduces fuel inventory. In 
fact it is doubtful that a U2** system of 
this type could be made critical with a 
thermal spectrum. 

One of the major points of concern to 
be investigated for this reactor concept 
is the possibility of the fuel particles co- 
alescing through sintering. Although | 
many materials undergo sintering at 
temperatures well below the melting 
point, we might expect that the violent 
agitation and steep temperature gradi- 
ents in the fluidized bed would inhibit 
this process. 
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With a KINNEY PW-600 Pumping System, you can attain pres- 
sures of 5 x 10° mm Hg, without coolant in the Cold Trap... 
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600 from one area to another. And you'll find operating and 
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gineering for modern research in High Vacuum. 
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NEW LINEAR AMPLIFIER 
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MODEL 358-1 


“@ recovers from 4000x 
overload in 8 microseconds 


Franklin Electronics’ Series 358 
Linear Amplifiers* offer vast im- 
provements over previous ampli- 
fiers. In addition to their ability to 
recover from a 4000x overload in 
eight microseconds, they provide an 
exceptionally high overall gain of 
70,000 when used with their match- 
ing preamplifier. 

Series 358 Linear Amplifiers are 
available in various configurations 
to meet every application. Models 
are available with built-in integral 
or integral and differential pulse 
height analyzers. For immediate 
shipment. 


Request Data Sheet 2001 


“Begieeeé at Oak Ridge National Laboratories 
by George Kelly (ORNL Type A-8). 


BRIEF SPECIFICATIONS 


MAXIMUM VOLTAGE GAIN 
preamplifier) 

GAIN STABILITY: 0.9% 
from 105 to 130 V 
GAIN CONTROL: By factors of 2 over a total range 

of 64 


70,000 (with matching 


for line voltage changes 


OUTPUT PULSE: +110 V (doubly differentiated). 

PULSE WIDTH: 0.5 microseconds 

RISE TIME: 0.2 microseconds 

OVERLOAD- RECOVERY: 8 microseconds from 4000x 
overload 

LINEARITY: 0.1% of rated output 

MAXIMUM COUNTING RATE: 250,000 cps (random). 

NOISE: Output noise at full gain is 0.82 v rms, 
corresponding to 34 microvolts referred to input. 

POWER REQUIREMENTS: 105 to 125 V ac, 170 W. 
D-C power drawn, 39 

PHYSICAL: Dimensions 
D. Weight; 35 Ibs 


19” Rack x 8%” Hx 134” 


FIRST IN NUCLEAR INSTRUMENTATION 


<=> FRANKLIN 
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Thorium Oxide Suspensions 


By D. G. THOMAS, E. L. COMPERE and J. P. McBRIDE 


Oak Ridge 


The thorium oxide slurry program at 
dak Ridge National Laboratory has by 
given us an understanding of the 
heat-transfer fluid-flow 
teristics of ThO. aqueous 
sufficient to provide 
1, 2,15). Further work must be done 
to determine the 
figuration required to give a uniform 
throughout 


now 
and charac- 
slurries 


a basis for design 
velocities and con- 
concentration large-scale 
slurry-system components such as core 
and blanket vessels; the cor- 
rosion-erosion problems of slurries now 


however, 


appear to be of secondary importance 
controlled conditions 
in tthe absence of 
tests of comparatively 
shown a correla- 


under suitably 
at least 
Irradiation 
static 
tion between fission-power density and 
But this 


exposure con- 


radiation. 


systems have 


corrosion rate see box). 
effect 


tinues and is not expected to be impor- 


diminishes as 


tant in practical systems. 
established 
produce 


The program has also 


preparation processes that 
slurry particles that have the optimum 
size (~3y) and high wear resistance (3). 

The work at ORNL is aimed at a 
homogeneous blanket and/or 
system that will handle 


reactor 
core aqueous 
ThO 
uranium 
pressures up to 2,000 psi and thorium 
1,500 gm 
factors 


slurries 
) at temperatures of 25 °-300° C, 


containing up to 8% 


concentrations from 0 to 
kg D.0O. In these 
with the 
selection of oxide 
and the 
suspensions. 

those 
suitable for service in high-temperature 
flowing 


ranges the 
greatest influence on the 
properties are corro- 
sion-erosion non-Newtonian 
character of 

Generally speaking, materials 
considered for 
These in- 


water may be 


aqueous slurry systems. 


clude the 
the austenitic 


particularly 
Zircaloy 
titanium alloys 


stainless steels, 
stainless steels, 
and zirconium alloys, 
certain 


conditions, such 


and alloy steels. 


and, under 
materials as Inconel 


Serious problems remaining in the 
development of a slurry reactor appear 
to be the demonstration of satisfactory 
operation of components, particularly 
blanket 


time m 


core and vessels, for long 


periods of small- as well as 
large-scale tests over the complete range 
ol contemplated pressures and tem- 
The effect of radiation on 
is still to be studied 


addition tests of the 


peratures. 
slurry behavior 


in detail and in 


Vational Laboratory, Oak Ridge, 


Tenne 88ee 


effect of mixed hydrogen-oxygen at- 
mospheres on attack in flowing slurry 


systems have not yet been made. 


Corrosion-Erosion 

Serious corrosion effects appear to be 
the result of at least one of the following 
factors: (a) high velocity together with 
some type of flow separation or eddies, 
(b) many large particles in the slurry 
(presumably sintered aggregates) and 
(ec) unfavorable atmosphere or aqueous 
environment leading to water corrosion 
effects. 

The corrosion-erosion attack 
of at least three different types: (a) 
flow abrasion, (b) eddy erosion or (c) 
impingement attack. The first, 
erally found in smooth pipelines and 
elbows, is a generalized attack without 
usually 


can be 


gen- 


particular localization and is 


comparatively mild, normally less than 
1 mil/yr at 20 fps. 
attack occurs on upstream surfaces 
where the break 
through flow lines and abrade the pro- 
tective oxide film on the upstream sur- 
Eddy attack when the 
layer near the 


Impingement 


moving particles 


face. occurs 


boundary surface is 
broken by severe flow conditions (e.g., 
wakes, eddies, etc.) resulting from small 
cavities or protuberances in the sys- 
tem, cavitation effects or other flow 
disturbances. 
In general, corrosion-erosion in- 
creases approximately as the square of 
linear 


flow velocity and appears to in- 


crease with temperature, doubling for 
30°-60° C in temperature for 


Most materials cor- 


every 
many materials. 
rode less under an oxygen atmosphere 
than an atmosphere of hydrogen. Cor- 
rosion-erosion also increases more or 
less in proportion to the concentration 
of the slurry. 

Important 
thoria particles comprising the slurry 
durability. The 
aggregates 
adverse 


characteristics of the 


are size, shape and 


large, irregular, sintered 


sometimes produced under 


preparation conditions appear to se- 
almost any material. 
Irregular particles, or “clinkers,’’ above 
5-10 microns have this effect. How- 
microspheres with 10—15-micron 


without unduc 


verely erode 


ever, 
diameters will circulate 
erosion of the loop, or undue degrada- 
tion of the microspheres themselves. 


(Continued on page 106 
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Complete selection of shapes 
- for 14" through 1” O. D, Tubing 
Available in all machineable metals & plastics 
No special tools needed for installation 
No special preparation of tubing 
1% turns provides torque-free vacuum tight seal 


CRAWFORD FITTING COMPANY + 884 EAST 140th STREET + CLEVELAND 10, OHIG — 
CRAWFORD FITTINGS (CANADA) LTD., NIAGARA FALLS, ONTARIO, CANADA 


gate 





This rugged and versatile reversing 
2-high /4-high combination mill brings 
high-precision rolling of thin-gauge ferrous 
and non-ferrous strip within reach of 
the smaller re-rolling mill, metals pilot 
plant and research laboratory. Occupying 
only 35 sq. ft. of floomgspace and involving 
a cost of less than $20,000, the machine 
handies up to 6 in. wide strip at rolling 
speeds up to 250 ft. per min. with accu- 
rate front and back tension control. 


The new 8 in. mill is furnished with two 
sizes of 4-high work rolls, made of either 
alloy tool steel or solid tungsten carbide: 
the 1% in. size is used for normal cold re- 
duction down to 0.002 in. thickness, and 
the % in. size allows special ultra-thin 
finishing to gauges of less than 0.001 in. 
In the 4-high setup, the machine handies 
up to % in. gauge; the 2-high arrangement 
is used for the hot or cold breakdown of 
heavier materials up to 1 in. thick, but is 
— available for skin pass rolling of thin 
strip. 


The production of close-tolerance stock is 
assured by an exceptionally rugged mill 
design, employing steel housings of 160 
sq. in. post area, super-precision needle 
roller journal bearings of 175,000 Ib. 
separating force capacity, a heavy-duty 
mill drive with herringbone gearing and 
universal joint spindles, and twin-hand- 
wheel worm drive screwdowns. The 
machine is powered by a four-speed 
reversing drive ——s constant horse- 
power from 40 to 250 ft. per min. rolling 
speed. 


The outstanding feature of the new ma- 
chine is its reversing strip coiling attach- 
ment allowing the two-way rolling of strip 
under tension control with no more effort 
than a mere flick of a selector switch. 
Mounted on brackets at either side of the 
mill, the two coiling shafts carry 8 in. 
diameter reels designed for a coil buildup 
of 6 in. Both shafts are driven from the 
pinion stand and are provided with dual 
air-operated slip clutches ‘and brakes of 
ultra-sensitive, low-inertia design. Selective 
operation through solenoid valves and 
ressure regulators precisely controls the 
ront and back tensions desired for any 
given mill pass. 


LOMA 


MACHINE MFG. CO., INC. 
114 East 32nd Street 
New York 16,N.Y 
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less autoclaves (13). 


with the solids. 
materials. 


by flow. 
effects. 








Radiation Stability of Slurries 


Irradiation experiments were carried out in small, continuously stirred stain- 
No significant changes attributable to radiation were 
observed in slurry viscosity pourability, settled density or caking tendency. 
Chemical and radiochemical analyses of both phases of the irradiated slurries 
showed that only cesium appeared in the supernatant in significant amounts; 
the bulk of the fission products, protactinium and uranium were associated 
Strontium appeared to absorb less on the higher-fired 


Total corrosion-product pickup was similar to that obtained in out-of-pile 
experiments except with the slurries containing sulfate, which showed higher 
corrosion-product pickup under irradiation. 

An additional series of irradiations has been carried out in rocking Zr-2 
autoclaves in which the partial pressure of O». was continuously monitored 
during the run as a measure of corrosion rate. 
correlation between fission-power density and corrosion rate. 
increase in corrosion is small and diminishes as the exposure continues (as 
though a protective film ultimately builds up at all powers but has more dif- 
ficulty getting started at higher powers). 
may not be important unless the development of this protective film is inhibited 
An in-pile loop test is currently checking this and other radiation 


The tests revealed a positive 
However the 


Thus the radiation effect on corrosion 








If the slurry is not made up of 
durable particles, the corrosion rates 
will be higher in the initial periods 
while the slurry particles are being 
broken down. 

In general, serious corrosion effects 
are to be found only in systems with 
high rates of flow, sharp changes in 
other unfavorable ge- 
ometries or in slurries containing 
large irregular particles. When these 
conditions are absent our experience 
in almost 75,000 hr of loop operation 
has revealed no failures of containment- 
vessel materials from slurry attack. 


direction or 


Slurry Properties 


ThO, slurries in the absence of 
additives flocculate—the particles stick 
together in the form of loose irregular 
clusters. The flocculation manifests 
itself in hindered settling rates (10-50 
times those expected for an unfloccu- 
lated slurry) and in non-Newtonian 
flow characteristics.* The floc size 
and associated characteristics are largely 
independent of temperature. 

The flocculated ThOsz slurries exhibit 
a yield stress 7, characteristic of Bing- 
ham plastic materials 


1.8\ ] 
= [s(*28)] 0m 


where ¢ is the volume fraction of solids 
and D, is the particle diameter in 
microns. 7, is essentially independent 
of temperature. 


* These non-Newtonian characteristics 
are evinced by very high viscosity at low 
rates of shear, decreasing to the order of 1 
centipoise under turbulent conditions. 


Slurry-handling studies in the high- 
temperature loops have shown that to 
minimize the non-Newtonian char- 
acteristic and eliminate caking prob- 
lems ThO, slurry particles must be 
larger than 0.1-0.5 microns (4). A 
preparation method currently used at 
ORNL (6) produces ThO, particles 
cubic in shape and with an average 


size of 3 microns; only 1-2% of the 


particles are greater than 5 microns 
and 2% are under 0.5 microns. 

A slurry of these particles circulated 
at 300° C and 10 fps for over 3,500 hr 
in a 200-gpm stainless-steel loop with 
essentially no observable degradation 
in particle size or change in physical 
properties. This test corresponds to a 
number of cycles through the pump 
(where most of the particle degradation 
occurs) equivalent to 15,000-35,000 hr 
of operation for systems with the vol- 
ume of contemplated homogeneous- 
reactor blankets. 

An even more promising ThO, 
suspension has been prepared from 
spherical ThO, particles 1-2 microns in 
diameter. Although the quantity of 
material has been inadequate for long- 
term particle-integrity tests, prelimi- 
nary studies show a remarkably low 
attack rate as well as a yield stress }¢ 
to 1¢ of that expected for normal 
(irregularly crystalline) material. This 
offers the prospect of greatly improved 
slurry-handling characteristics. 


Engineering Characteristics 


Turbulent-flow 
aqueous thorium oxide slurries may be 
(Continued on page 110) 


December, 1960 - NUCLEONICS 


friction factors for 








Available: 


The Nuclear Fuels Operation of Olin Mathieson announces 
the availability of Research, 

Development, and Production facilities to 

meet your commercial fuel requirements. 

At your service are four years 

of fuels experience, an organizational team 

of more than one thousand personnel 

and more than 200,000 

square feet of plant facilities. 





For information, contact Product 
Olin Math: n 
Nuclear Fuels Operation 
75 Winchester Ave 
No ld Hat Cn, Conn 
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CAPACITORS 


1.0 MFD-50KV 
Ringing Frequency 1.3 Megacycles 


Inductance 15 millimicrohenrie: 
Energy storage 1250 joules 


Life—-10,000 shots (minimum) 
50 KV with 100% reversal 
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Multi-high voltage studs allows use 
of multiple gaps or transmissio 
ines for low external inductance 


AXEL ELECTRONICS, INC. 


34-20 Jamaica Ave. * Jamai: 
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after the city, before the state 
the ZONE keeps your mail from being late 


The Post Office has divided 106 cities 


into postal delivery 


zones to speed mail delivery. Be sure to include zone number 


when writing to these cities; be sure to include your zone num- 


ber in your return address — after the city, before the state. 
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[} RADIOISOTOPE TECHNIQUES 


Just Out. A guide to basic principles and typical 
procedures of handling and manipulating radioac- 
tive materials. Discusses detector systems for 
radiation, errors most likely to occur during 
measurement procedures, safe limits of exposure, 
and more. R. T. Overman, Oak Ridge Inst. 
of Nuclear Seudies; and Clark, Rensselaer 
Polytech. Inst. 455 pp., 30 illus., $10.00 


[] ANALOG COMPUTATION 
IN ENGINEERING DESIGN 


Just Out. A reference on solving problems in 
engineering design with analog computers. Covers 
applications to nuclear reactors, statistical prob- 
lems, and more. By A. Rogers, Electronic Assocs. 
Inc.; and T. Connolly, Sperry Gyro. Co. 450 pp., 
275 illus., $16.00 


‘= REACTOR ANALYSIS 


Just Out. Covers applications of reactor kinetics 
theory to circulating-fucl reactors, and theory of 
control rods—both hollow and moderator-filled 
rods. Derives in detail modern resonance absorp- 
tion theories, 7, lan valuable data on _ reso- 
nance integrals. R. Meghreblian, and D 
Holmes, Oak Ridge "Natl. Lab. 832 pp., 202 illus., 
$19.50 


Proceedings of the Fifth Conference on 


0 MAGNETISM AND 
MAGNETIC MATERIALS 


Just Out. More than 300 authorities discuss re 

sults of current research in magnetism and mag- 

netic materials in this report sponsored by the 

American Institute of Electrical Engincers. 419 pp., 
0.00 


340 illus., $1 


[] NUCLEAR TECHNOLOGY 
FOR ENGINEERS 


Covers four major areas of nuclear engineering 

radiotracer technology, radiation, fission energy 
and nuclear fission—giving you a sound working 
knowledge of the field. By R. H. Ellis Jr. Assoc. 
Editor, Nucleonics, 282 pp., 119 illus., $9.50 


[_JNUCLEAR REACTOR PLANT DATA 


most of the 


Provides useful technical data on 
Volume 1 


world’s nuclear reactor plants. 
POWER REACTORS—includes 32 reactors de- 
signed to produce electric power, $3.75. Volume 
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10 DAYS’ FREE EXAMINATION 


McGraw-Hill Book Co., Dept. FNU-12 
327 W. 4ist St., New York 6 v.Y. 
Send me book(s) checked below for 10 days’ 
examination on approval In 10 days I will re- 
mit for book(s) I keep plus few cents for de 
livery costs, and return unwanted book(s) 
Postpaid (We pay delivery costs if you remit 
with this coupon—same return privileges.) 
[) Overman & Clark—Radioisotope Tech. 
$10.00 
Oo Roge rs & Connolly— 
i a ioe. Design- 


Analog Computation 
$16.00 
Reac. Anlys. 


Wes 
02 A.L.P.—Proceed. of the Sth Conf. on 
Magnetism & Magnetic Materl.—$10.00 
Ellis—Nuclear Tech. for Engrs.—$9.50 
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WITH THE BENDIX 
G-15 COMPUTER YOU CAN 


D 





THERE IS NO NEED TO DELAY that 

important decision to install a com- 

E puter. At a low initial investment... 
without adding special personnel or 

facilities, you can start now to pro- 

vide your firm with the money-saving 


speed and precision of proven electronic computation. @ And you 
can inaugurate your computer program with the foreknowledge that 
the G-15 can be easily expanded, easily adapted to your computational 
growth...without re-programming, without awkward modifications, 
You know from the beginning that your G-15 will be able to 
easily assimilate the full range of input-output devices—paper tape, 
punched cards and magnetic tape, in addition to special code conver- 
sion, printing and graphic output units...all proven in a wide 
variety of applications. Simplified, minimum-cost application expan- 
sion is made possible by an extensive library of Bendix routines and 
automatic programmirg systems. @ Thus, with equal efficiency, the 
G-15 has served a one-man company and corporations of many thou- 
sands. More important, that one-man company has grown to a team 
of 47—still economically served by an enlarged G-15 system. @ These 
facts point to the practical economy and ease of initiating your data 
processing program...moving from a low cost basic G-15 computer 
to a powerful, integrated medium-scale system, capable of spanning 
the full range of scientific and commercial applications. They make 
clear that there is a G-15 system to match your data processing 
requirements... starting now. 


For application information write: 


Bendix Computer Division 


DEPT. AU-28, LOS ANGELES 45, CALIFORNIA 
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Fanning Friction Factor, 
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Hedstrom Number = 


Reynolds Number, 


FIG. 1. 


materials in round pipes. 


calculated from the following relations 
(6): 
f = BNR. * 


0, 48 
B = 0.079 (*) 
n 
y 15 


where f = Fanning friction 
Nre = DVp/n = Reynolds number; 
D = tube diameter; V = mean flow 
velocity; p=slurry§ density; 7 

slurry coefficient of rigidity; yw = 


b = 0.25 


factor; 


v1s- 
cosity of suspending medium. The 
intersection of the appropriate laminar- 
flow Hedstrom line (7) (Fig. 1) and the 
turbulent Fanning friction line given 
by the relations above fixes the velocity 
for transition from laminar to turbulent 
flow. Typical of Bingham plastic 
materials (8, 9), this critical velocity is 
strongly dependent on the yield stress 
and almost independent of the coeffi- 
cient of rigidity and pipe diameter. 

The laminar heat-transfer coefficients 
for slurries are greater (10) by a factor 
{1 + getyD/24nV)\* than the usual 
Newtonian fluid coefficients (1/7). 
Turbulent heat-transfer coefficients are 
the same as those given by the Sieder- 
Tate relation (11) provided the coeffi- 
cient of rigidity is substituted for the 
viscosity. Similar to Newtonian fluids 
(10) the transition region exists for 
Reynolds numbers up to 4 times the 
critical value. 

Heat exchangers designed for Reyn- 
olds numbers of twice the critical value 
(as given by the Hedstrom criterion 
for slurries with a yield stress as large 
as 1.5 lb/ft? may require a pump-motor 
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Friction-factor—Reynolds-number diagram for laminar flow of Bingham plastic 
Interreactions (see text) fix critical velocity 


horsepower equivalent to 20% of the 
electrical output of the blanket. Fig- 
ure 2 (12) shows that a reduction of the 
yield stress from 1.5 to less ‘than 0.1 
lb/ft? reduces the pump horsepower by 
a factor of more than 20; therefore, 
current slurry specifications call for 
powder with a sufficiently large particle 
diameter to reduce the yield stress be- 
low a value of 0.1 Ib/ft?. 
Slurry Systems 

ThO, slurry can be circulated at 
300° C using a canned-rotor pump 
provided there is enough condensate to 
purge the pump bearings and maintain 
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FIG. 2. Effect of slurry properties on 
pump-power requirements for total system 
ond for heat exhanger with 40-ft tube 
length 


them free from slurry. Steam-pres- 
surization has proven satisfactory for 
pressures up to 2,000 psi. Flow rates 
can be measured with a venturi pro- 
vided pressure-tap lines are purged 
with water. The mean slurry velocity 
in horizontal pipes 0.5-5 in. in diameter 
must be greater than 2-5 ft/sec to 
maintain the slurry in suspension. 
Slurry can be suspended in low-pressure 
dump tanks using the air-lift principle 
with steam as the working fluid. A 
complete blanket-mock-up system with 
a 5-ft-i.d. pressure been 
operated with slurry for thousands of 
hours at temperatures up to 200° C and 
has provided much useful information 
concerning slurry-handling character- 
Both out-of- 
pile and in-pile experiments indicate 
that MoO; and Pd, either as the metal 
or hydrous oxide, are suitable for use in 


vessel has 


istics on a large scale (2). 


slurries as catalysts for the liquid-phase 
recombination of the radiolytic gas (14). 
The MoO; appears restricted to use in 
slurries of thorium oxide and thorium- 
uranium oxide containing U/Th < 
0.005 fired at or above 1,000° C (higher 
uranium concentrations appear to de- 
activate the MoO;). The palladium 
may be used in slurries of oxide or 
mixed oxide fired at all temperatures 
(650°-1,600° C) and appears suitable 
for slurries of simple oxide mixtures. 
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The Dresden Nuclear Power’Station, the world’s 
largest Operating nuclear power station has been 
producing electricity at its rated output of 180,000 
kw since June 29, 1960: The station, which was. 
fol-Te | [or-) (-10 al © len Co) | -1 gm OAM clo ORME Me -111 481-10 ME Lale) 
built for Commonwealth Edison of Chicago and the 
Nuclear Power Group, Inc. by the General Electric 
Company's Atomic Power Equipment Department. 
Bechtel Corporation was engineer-constructor for 
the station. _ 

More than 1,500 different companies supplied 
products, materials and services for Dresden 
NUCLEONICS presents below a’partial list of sup 
‘pliers to General Electric and. Bechtel for the nu 
clear portion of the plant. 

’ Suppliers listed in bold face have advertisements 
in this special suppliers’ section. 
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ACME EQUIPMENT CO. 


10 ton mobile hoist, 1 ton re- 
actor service hoist. 


ACTION MACHINE & MFG. 
co. 


- Ball bearings 


ACE FOUNDRY 


Aluminum housing, tooling, 
castings 


ADVANCE METALS PROD- 
UCTS 


Tubing 


AIRLINE WELDING & EN- 
GINEERING CO. 


Gaskets, mandrel 


ALLEGHENY LUDLUM STEEL 
CORP. 


Tubing 


ALLEN-BRADLEY CO. 


Potentiometers 


ALLIS-CHALMERS MFG. CO. 


Diesel oil transfer pumps 


ALL METAL SCREW PROD- 
UCTS CO. 


Miscellaneous reactor vessel 
hardware 


ALUMINUM CO. OF AMER- 
ICA 


Bosket accessory, boral plate 


AMATRAN ENGINEERING 
CORP. 


Counter 


AMERICAN AIR FILTER CO. 


Unit heater, filters 


AMERICAN BRASS & COP- 
PER CO. 

Sewage ejector exhaust fan, 
brass, copper and alloy tubing 


AMERICAN LAVA CORP. 
Tubing, discs 


AMERICAN RUBBER MFG. 
co. 


Expansion joints 


AMERICAN STANDARD CO. 
Collets 
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Suppliers To Dresden 


B. C. AMES CO. 


Extensiometer 


ARROWSMITH TOOL & DIE 
CORP. 


Mandrels, sling assembly 


ARWOOD PACIFIC DIV. , 


Spacers, castings 


ASSOCIATED SPRING 
CORP. 


Springs, wires and coils 


AUGUST MANUFACTUR- 
ING CO. 


Sealing couplings 


RALPH ATKINSON CO. 


Comet valve 


ATOMIC POWER SUPPLY 
co. 


Consulting services 


ATWOOD & MORRILL CO. 


Bleeder trip valves 


AURORA PUMP DIV., NEW 
YORK AIR BRAKE CO. 


Pumps, condensate return units 


AUTOCLAVE ENGINEERS 


Pressure vessel 


AUTOMATIC SWITCH CO. 


Valves 


AVNET CORP. 


Receptacle 


B-) ELECTRONICS 


Instrument manuals, sponge 
scanning assembly 


BABBITT BEARING 


Connectors 


BABCOCK & WILCOX CO. 


Seamless tube 


BAILEY METER CO. 


Pressure and position indicators 
and transducers, volume cham- 
bers, air-operated valve, pres- 
sure compensator and calcu- 
lator, remote manipulator 
controls, steam-flow recorders, 
magnetic omplifier, level and 
pressure recorders, flow receiver 
with intergrator, level-control 
valves, level-indicator transmit- 
ter switch 


BAKER PLATINUM DIV., 
ENGLEHARD INDUSTRIES, 
INC. 


Platinum wire, platinum 
punchings 


BARKSDALE CO. 


Valves, switches 


BARTON INSTRUMENT 
CORP. 


Switches 


BATHEY MFG. CO. 


Rack, reactor head nuts 


BAUSCH & LOMB OPTICAL 
co. 


Binoculars 


BEARING ENGINEERING 


‘CO. 


Bushings, rings, bearings 


BEARING INDUSTRIAL INC. 


Thrust bearings, retaining rings 


BEARING SPECIALTY CO. 


Casting, rings, bearings 


BECHTEL CORP. 


. Engineer-constructor 


ARNOLD O. BECKMAN 


Ranges, nitric oxide, cylinder 


BECKMAN INSTRUMENTS, 
INC. 


Oxygen analysis element and 
recorder, maintenance kit, 
capacitor, scaler 


BELL AIRCRAFT CORP. 


Piston assembly, seal ring 


THE BELLOWS CO. 


Muffler, valve 


BENDIX AVIATION CORP. 
Electric tubes 


BERGEN PIPESUPPORT 
CORP. 


Hanger assembly and drawings 
BERKELEY FORGE & TOOL 
co 

Forgings 

BERKELEY STEEL CON- 
STRUCTION CO. 


2-in. and 18-in. special flux 
monitoring flanges, nut retainer 


BETHLEHEM STEEL CORP. 


Flanges 


J. G. BIDDLE CO. 


Insulation tester, slide wire 
resistor 


BLACK, SIVALS & BRYSON, 
INC. 


Safety heads, discs, supports 


E. W. BLISS CO., DIE DIV. 


Die set and springs, control 
rods, lifting bail assemblies 


BOSTON INSULATED WIRE 
& CABLE CO. 


Cable 


BRACKELL MFG. CO. 


Intermediate spacers 


K. H. BRAUN CO. 


Electric centrifuge, vacuum 
pump, analytical and torsion 
lab balances, storage battery 
and charger, infrared heater, 
laboratory equipment, spectro- 
photometer, stop watches 


BRISTOL CO. 


Wire assemblies, indicators, 
recorders, thermocouple assem- 
blies, temperature elements 


_ BRONSON & BRATTON, 


INC. 
Punch and die 


BROOKS & PERKINS, INC. 
Shells 


BROOKS ROTAMETER CO. 


Rotameter, flow indicators 


BRUSH BERYLLIUM CORP. 
Tubes 


BUCKLES-SMITH CO. 


Microswitch 


BUFFALO FORGE CO. 


Building air turbine, air washer 


BUFFALO PUMPS, DIV. OF 
BUFFALO FORGE 

Make-up system pump, air 
washer circulating pump 
THE BUNKER HILL CO. 


leadshot, lead wool, pig lead 
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ROY M. BUTCHER ELECTRIC 
co. 


Labor and material 


BYINGTON STEEL TREAT- 
ING 


Valves, ring retainer, spocer 
plug, shoft union 


BYRON JACKSON PUMPS 


Water cooling seal pumps, 
liner motor pumps 


C. E. M. CO. 


Pins 


C. & H. MACHINE & ENGI- 
NEERING CO. 


Fuel bundle orifice replacement 
tool 


C-S-M MFG. CO. 


Machine parts, end plugs, 
spacers, couplings, fittings, 
spring fasteners 


CALIFORNIA INSTRUMENT 
co 


Valves, thermocouple wire, 
solenoid coil 


ANGUS CAMPBELL, INC. 


Mycalex rod 


CARBOLINE CO. 


Thinner, phenoline, polyciad 


CARBORUNDUM METALS 
co. 


Zircaloy 


G. O. CARLSON, INC. 


Split collars, miscellaneous 
reactor vessel hardware 


CARPENTER RIGGING CO. 


Reactor head sling 


CARPENTER STEEL CO. 


Steel 


A. M. CASTLE & CO. 


Steel 


CENTRALAB, INC. 


Switch 


CENTRAL SCIENTIFIC CO. 


Oven, furnace 


CHAPMAN VALVE MFG. 
co. 
Gear train, gate, globe and 


check valves, stem packing 


CHASS BRASS & COPPER 


Tubing for main condenser, 
steam air ejector 


CHEMPUMP CORP. 


Pump assembly, bearings, 
gasket 


CHICAGO BRIDGE & IRON 
co. 


Containment sphere, spherical 
enclosure tank, well-water 
storage tank, fuel oil storage 
gutters 


CLARK EQUIPMENT CO. 


Forklift truck 


CLEVELAND PNEUMATIC 
TOOL CO. 


Assembly 


CLINGAN & FORTIER, INC. 


Aluminum 


COAST EQUIPMENT CO. 


Mobile crane 


COAST INDUSTRIAL SUP- 
PLY CO., INC. 


Miscellaneous reactor hard- 
ware 


COLORADO FUEL & IRON 
CORP. 


Ferrule, sling, turning vane 


C. LEE COOK CO. 
Ring sets, bushing 


COLUMBUS DIE, TOOL & 
MACHINE CO. 


Collimeter platform, thimble 


‘locating plate and flange re- 


surfacing tool, mechanical parts 
for fast neutron monitoring 
system, headnut wrenches, stud 
wrenches and lifter 


COMBUSTION ENGINEER- 
ING, INC. 


Boiler flue expansion joints 


CONCO ENGINEERING 


Carrier, reactor service hoist 


CONESCO CONSOLIDATED 
Miscellaneous reactor vessel 
hardware 

CONSOLIDATED ELECTRO- 
DYNAMICS 

Transducers 
CONSOLIDATED WESTERN 


STEEL DIV., U. S. STEEL 
CORP. 


Ring 


G. A. COOKE CO. 


Fuel transfer basin, storage 
pool 


P. F. CORBIN DIV., AMERI- 
CAN HARDWARE CORP. 


Cam 
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CORNELL-DUBILIER ELEC- 
TRIC CORP. 


Capacitors 


COULTER STEEL & FORGE 
CO., INC. 


Steel, forgings 


CRANE PACKING CO. 


Teflon, ‘‘O"' rings, cast iron 
valves 


CRAWFORD FITTING CO. 


Nipples, unions, Swagelocks, 
ferrules 


CROSBY VALVE & GAGE 


Pressure indicators 


CROWN-ZELLERBACH 
PAPER CO. 


Sample cards 


CRUCIBLE STEEL CO. 
Gages 


CYCLOPS IRON WORKS 


50-ton reactor crane 


CUNO ENGINEERING CO. 


Lube oi! continuous filter 


DAVIS METAL PRODUCTS 


Fuel rack 


DAVISON CHEMICAL CO. 


Uranium scrap recovery 


DIAMOND POWER SPE- 
CIALTY CORP. 


Platinum dishes, avtomatic 
sample evaporator 


DIVISION LEAD CO. 
Virgin lead 
DOLLINGER CORP. 


Instrument air filter 


DRESSEN-BARNES CORP. 
Power supply 


DUCOMMUN METALS & 
SUPPLY 


Steel, aluminum rods, rounds, 


tubing and pipe 


DU MONT LABS, INC. 


Electronic tubes 


E. |. DU PONT DE 
NEMOURS CO. 


Gray paint, lacquer thinner 


EAST BAY BRASS 
FOUNDRY 


Antimony rods 


EDWARD VALVES, INC. 


Gate, globe and check valves 


ELCO MFG. CO. 


Tube guide contro! assembly, 
cylinder assembly, flange 


ELECTRO MEASUREMENTS, 
INC. 


Impedance bridge 


ELECTRO-MEC LABORA- 
TORY, INC. 


Design assembly 


ELECTRIC PRODUCTS CO. 


Motor-generator set 


ELECTRIC STEEL FOUNDRY 
co. 


Miscellaneous reactor hardware 


EMPIRE MAGNETIC, INC. 
Magnet 


FABRI-VALVE CO. OF 
AMERICA 


Carbon steel gate vaive 


FAIRBANKS-MORSE & CO. 


Cooler, fire pump diesel engine, 
booster coil, unit heater, fan, 
welding fume exhauster, roof 
exhauster, vent unit, heating 
coil, air conditioning unit and 
condensing unit, filters 


FERNHOLTZ MACHINERY 


Tubing 


FISHER & PORTER CO. 


Flowmeters and charts, position 
element and indicator, pressure 
indicator receiver 


FISHER GOVERNOR CO. 


Instrument air pressure regula- 
tor 


FISHER SCIENTIFIC CO. 


Gas expansion bags, sling 
psychrometer 


FLEXONICS CORP. 


Flexible hose assemblies 


FLORE PIPE CO. 
42-in. pipe 


FLUIDAL VALVES, INC. 


Valves 


FOOD MACHINERY & 
CHEMICAL CORP. 


Heater drain pump and motor, 
impeller bushing, 'O"' ring 


FORSLUND ENGINEERING 


2-in. globe valve 


L. B. FOSTER CO. 
Carbon steel piping 
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Fuel sample system redesigned In-core instrumentation developed, built Control drives designed, tested, built. 


Dresden completed on time, on budget 
by General Electric project management 


Utilities can now factor nuclear power stations into Major construction was completed within 13 days—crit- 
their system planning schedules, confident that they will icality achieved within three days—of the scheduled target 
be reliable power sources, constructed on schedule, and date set by G.E. 42 months earlier. Dresden reached rated 
built for a firm price. General Electric’s successful com power of 180,000 kilowatts net on June 29, 1960, follow- 
pletion of the Dresden Station for Commonwealth Edison ing an extensive planned testing program. On October 12, 
and the Nuclear Power Group*—on time, within budget Dresden was formally dedicated and is now serving as a 
—has proved this possible. reliable addition to Commonwealth Edison’s system. 
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Tons of rock excavated for sphere 





] 
Sphere pressure tested to 37 Ibs/in*, 


Sphere segments welded before erection 






s 


mS. 


Turbine tested at site 


Construction complete Oct. 13, 1959 


A General Electric project management team coordi- 
nated the myriad complexities of building this first 
large-scale nuclear power station. Planning, development, 

onstruction, and scheduling of products and 

more than 1500 suppliers and sub-con- 

directed and integrated by the project 

nagement team. Bechtel Corporation was the engineer- 


ructor 


For the detailed story of the Dresden Nuclear Power 
Station, write General Electric Co., Schenectady 5, N. Y. 
brochure GED-4275. For further information 
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INSTALLATION TESTING—LICENSING 


Atomic Energy Commission issues 
construction permit CPPR-2 after 
safeguards review of site and pre- 
liminary plant design. Certificate of 
Convenience and Necessity issued 
by State of illinois for plant con- 
struction. 


Sanitary Water Board, State of Iili- 
nois, issues permit for sanitary 
sewerage system. Preliminary Haz- 
ards Summary Report submitted by 
Commonwealth Edison Company to 
Atomic Energy Commission. 


U.S. Army Corps of Engineers issue 
permit for intake and outfell canals. 
Atomic Energy Commission issues 
license to store fuel at site. Certifi- 
cate of Registration received from 
illinois Department of Public Health. 


Instrumentation system installed 


about General Electric’s capabilities in the field of nuclear 
power generation or atomic products, contact your nearby 
G-E Sales Office or write to General Electric Company, 
Atomic Power Equipment Dept., San Jose, California. 


132-07 
* American Electric Power Service Corp., Central Illinois Light Co., Illinois 


Power Co., Kansas City Power ond Light Co., Pacific Gas and Electric Co., 
Union Electric Company of Missouri, Bechtel Corp 
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FOSTER-WHEELER CORP. 


Primary steam drum, secondary 
steam generators, emergency 
condenser, reactor cleanup non- 
regenerative heat exchangers, 
secondary feedwater heaters 


FOXBORO CO. 


Pipe orifice, relay pressure 
switches, relative humidity 
recorder 


GARDNER ASSOCIATES 


Instrument reading glass 


GARLOCK PACKING CO. 


Seal ring, brushings, seal 
spring sets 


GEMS CO. 


Flow switches 


GENERAL ELECTRIC CO. 
A-C MOTOR & GENER- 
ATOR SALES 


Motors, stator coils, roller 
bearings, lower guide bearings 


GENERAL ELECTRIC CO. 
APPARATUS SALES DIV. 


Pressure indicators, tempera- 
ture-transducer recorder and 


controller, gamma ion chamber, 


poison systems heater, satu- 
rable reactor system, tempera- 
ture indicator and switch, 
power supply, log counting- 
rate indicator, log N-period 
amplifier indicator, d-c multi- 


ple voltmeter, hand tachometer, 


cathode followers 


GENERAL ELECTRIC CO. 
APPLICATIONS SECTION 


IBM-704 computer time 


GENERAL ELECTRIC CO. 
ANALYTICAL ENGINEER- 
ING SECTION 


IBM-704 computer time 


GENERAL ELECTRIC CO. 
ATOMIC POWER EQUIP- 
MENT DEPARTMENT 


Radiation amplifier, linear pre- 
amplifier, log counting-rate 
meter amplifier, micro-micro 
ammeter, micro amplifier indi- 
cator, linear counting-rate 
meter, power supply, display 
assembly, auctioneering unit, 
scram logic unit, scram bypass, 
trip actuator, position trans- 
ducers, scintillation detector, 
gas sampler probe, instrument 
thimble, instrument bearing 
fuel assemblies, fuel assembly, 
dummy fuel assemblies, fuel 
bundle, fuel basket carrier, 
channel stripping machine, fuel 
rack support, carrier and drive 
assembly, core support plates, 
thimble sealing tube, control 
rod guide tube assemblies, 
drive removal mechanism, con- 
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trol rod replacement tool, con- 
trol rod guide tube removal 
tool and attachments, channel 
grappling tool, control rod 
poison sections, lead shield 
thimble and flange, ves- 

sel thimbles, miscellaneous 
hardware for reactor vessel, 
start-up source 


GENERAL ELECTRIC CO. 
COMPUTER DEPARTMENT 


Computer time 


GENERAL ELECTRIC CO. 
CONSTRUCTION MATERIAL 
DIV. 


Single conductor wire 


GENERAL ELECTRIC CO. 
GENERAL ENGINEERING 
LABS 


Instrumentation and order-of- 
magnitude tests 


GENERAL ELECTRIC CO. 
HOME LAUNDRY DEPT. 


Univac computer time 


GENERAL ELECTRIC CO. 
INDUSTRIAL HEATING 
DEPT. 


Stud heater 


GENERAL ELECTRIC CO. 
LAMP DIVISION SALES 


Infra-red heat lamps 


GENERAL ELECTRIC CO. 
LARGE MOTOR & GENER- 
ATOR DEPT. 


Motor 


GENERAL ELECTRIC CO. 
LARGE STEAM TURBINE 
AND GENERATOR DEPART- 
MENT 


Turbine-generator and spare 
parts, hydrogen seal oi! and 
hydrogen coolers, turbine lube 
oil reservoir and cooler, turbine 
auxiliary and turbine emer- 
gency bearing oi! pumps, 
generator seal and emergency 
seal oil pumps, generator 

seal oil vacuum pump, turning 
geor oil pump, carbon dioxide 
Purge manifold, hydrogen sup 
ply manifold, lube oil vapor 
extractor, pressure reducing 
assemblies 


GENERAL ELECTRIC CO. 
LYNN DIGITAL COMPUTER 
SECTION 


IBM-704 computer time 
GENERAL ELECTRIC CO. 


MAGNETIC MATERIALS 
SECTION 


Magnet assembly 


GENERAL ELECTRIC CO. 
MEDIUM INDUCTION 
MOTOR DEPT. 


Electric motors for primary and 


secondary feed pumps and 
for circulating water pump 


GENERAL ELECTRIC CO. 
MEDIUM A. C. MOTOR & 
GENERATOR DEPT. 


Upper and lower bearings, 
motors 


GENERAL ELECTRIC CO. 
METALLURGICAL PROD- 
UCTS DEPT. 


Sintering dies, top and bottom 
punches 


GENERAL ELECTRIC CO. 
SEMI-CONDUCTOR PROD- 
UCTS 


Diodes, transistors 


GENERAL ELECTRIC CO. 
SILICONE PRODUCTS DEPT. 


Silicone-rubber wire and 


insulation 


GENERAL ELECTRIC CO. 
SPECIALTY & ATOMIC 
MOTOR SECTION 


Reactor recirculating pumps, 
thrust runner, thermocouple 
bearings 


GENERAL ELECTRIC CO. 
UNIVAC CENTER 

Univac computer time 
GENERAL ELECTRIC SUPPLY 
co. 

Cable, clamps, washers, 
hangers, foot switches 
GENERAL GRINDING 
WHEEL CORP. 

Tube assemblies, stellite balls, 
tubing 

GENERAL RADIO CO. 


Stroboscope, transformers, elec- 
trometer, instrument books 


A. J. GLESENER CO. 


Miscellaneous reactor vessel 
hardware 


GLIDE-IN MFG. CO. 
Springs 


GOLDSMITH BROTHERS 


Cadmium 


C. L. GOUGLER MACHINE 
co. 


Reactor vessel cleaning tool 


GOULDS PUMPS, INC. 
Pump 


GRAVER TANK & MFG. CO. 


Poison system reservoir 


GRAYBAR ELECTRIC CO. 


Housings 


GREER BROTHERS 
HYDRAULICS, INC. 


Accumulator 


GRINNEL CO. OF THE 
PACIFIC 


Pipe and pipe fittings 


GUNDLACK PIPE & TUBE 
co. 


Stainless steel pipe and tubing 


HAMMEL-DAHL DiV., 
GENERAL CONTROLS CO. 


Flow and level-control valves, 
valve-stem packing 


HAMNER ELECTRONICS 
CO., INC. 


Linear amplifier, pulse-height 
analyzer 


HANNIFIN CO. 


Air cylinder 


HARSHAW CHEMICAL CO. 


Photomultiplier, crystals 


HARVEY ALUMINUM 


Die charge 


HASKELL ENGINEERING 
co. 


Miscellaneous reactor vessel 
hardware 


HAYNES STELLITE CO. 


Stellite, stellite bar 


THE HAYS CORP. 


Differential pressure indicators 
and transducers, flow indicating 
meters, flow recorder, trans- 
mitters 


HERMAN E. HELB 


Solenoid valve 


HEWLETT PACKARD CO. 


Generator, voltmeter, oscillator, 
instrument manuals 


HICKOK ELECTRICAL 
INSTRUMENT CO. 


A-c/d-c voltmeter 


HOPKINS ENGINEERING 
co. 


Capacitors 


HOTWATT CO., INC. 


Stud heaters 


IDEAL TOOL & MFG. CO. 


Grapple, fuel rack basket to 
crane 


ILLINOIS WATER TREAT- 
MENT CO. 


Resin 


IMPERIAL STEEL TANK CO. 


Cooler tank 
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General Electric Silicone Rubber Insulation 
chosen for Dresden Nuclear Power Station 


Excellent moisture and heat resistance, protection against gamma radiation 











Silicone insulated control cable used in Dresden nuclear power station. 
Cable extends from fuel rod position indicators at the bottom of the 


control red drives below the reactor to a local panel within the enclosure. 


Silicone 


Because it combines many desirable properties, par- 
a combination of heat and radiation resist- 
ance, Electric silicone rubber insulation is 
being specified for control and power cable in atomic 
reactors and other nuclear power generation equipment. 
G-E silicone rubber also provides a more reliable and 
efficient cable insulation for many other electric utility 
and industrial applications. Among its many advantages 
are the following: 
Excellent Heat Resistance: In power cable applica- 
tions, offers long service life at temperatures up to 
150°C; overload temperatures to 225°C; short-circuit 
overload temperatures even higher. 
Extra Current-Carrying Capacity: As a result of its 
excellent heat resistance, cable insulated with G-E 
silicone rubber can carry up to twice the current as can 
conventional cable of the same size. 


ticularly 
General 


insulated cable 


supplied by General Electric Wire and Cable Department. 


Low Moisture Absorption: Easily withstands moist 
operating conditions that may cause other insulations 
to fail. 

High Ozone Resistance: Ozone and corona, which 
cause rapid aging of organic rubber, have negligible 
effect on silicone rubber. 

Low Temperature Flexibility: Class 900 electrical 
grade G-E silicone rubber stays flexible at temperatures 
down to —60°C, special grades to — 100°C, 

Radiation Resistance: G-E silicone rubber insulation 
will withstand gamma radiation up to 1 x 10° roentgens, 
about 20 times higher than fluorine-containing 
insulation. 

For more facts and figures on G-E silicone rubber 
insulation, write General Electric Company, Silicone 
Products Department, Section RR1213, Waterford, 
New York. 


. Sf en ee See oe 
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Section RR1213,Silicone Products Department 
General Electric Company, Waterford, New York 


Please send me further data on silicone rubber cable insulation. 


Name Title 





Company 





Address 
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City Zone. State 








INDUSTRIAL INSTRUMENTS 
INC. 


Gas samplers, conductivity 
cell, resins 


INDUSTRIAL STEEL 
TREATING CO. 


Heat treat control rods 


INDUSTRIAL KANIGEN 
CORP. 


Nickel plate, Kanigan coat, 
tubes 


INFILCO, INC. 


Conductivity element and re- 
corder, density element and 
recorder, differential pressure 
indicator and switch, flow 
recorder integrator, Robotrol 
controller, reactor cieanup 
demineralizers, condensate 
demineralizer system. 


INGERSOLL-RAND CO. 


Reactor head servicing power 
wrench, resin transfer pumps 
for condensate and reactor 
cleanup demineralizer, emer- 
gency feed pump and motor 


INTERNATIONAL BUSINESS 
MACHINES 

Lease equipment 
INTERNATIONAL ELEC- 
TRONIC RESEARCH 

Shields 


G. B. ISETT & SON, INC. 
Reactor enclosure tank 
ISOTOPES SPECIALITIES 
CO., INC. 

Gamma source, modification of 
shipping casks 

JARRELL-ASH CO. 
Fluorometer, instrument man- 
vals, sample chamber 
JENSEN INSTRUMENT CO. 


Pressure switches, mercoid 
switch 


JERGUSON GAGE & VALVE 
co. 


Gages, level gage glass, 
gaskets, cushions 


JOHNSON ENGINEERING 
co. 


Liquid level switch 


JOHNSON-WILLIAMS CO. 


Hydrogen gas analyzer 


EARLE M. JORGENSEN CO. 
Steel 


JOY MANUFACTURING 
co. 


Fans 
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KAISER STEEL CORP. 
Pipe 


KELLER & GANNON 
Design 


KEWAUNEE MFG. CO. 


Laboratory equipment 


KIELEY & MUELLER, INC. 


Valves 


PERRY KILSBY INC. 


Stainless steel tubes, seamless 
tubing 


KINTEL DIV., COHU 
ELECTRONICS CORP. 


Calibration voltmeter 


MORRIS P. KIRK & SON 
lead bricks 


KOPPERS CO., INC. 


Seal assembly, back ring, 
cover ring 


K-PLASTIX 


Polyethylene shield, viewing 
boxes 


KROPP STEEL CO. 
Holding fixtures 


LADISH COMPANY 


Flanges, bends, elbows 


PETERS DE LAIT, INC. 


Terminal amplifier 


LAND-AIRE, INC. 


Bridges, viewing aid 


LEACH RELAY CO. 


Midget relays 


LEEDS & NORTHRUP CO. 


PH analysis element, pH indi 
cator and recorder with switch, 
strip chart recorder, portable 
conductivity indicator, conduc 
tivity cell and recorder, conduc 
tivity density element, density 
recorder, precision potenti- 
ometer, portable double ring 
potentiometer, rotary switch, 
frequency recorder, temper- 
ature recorder, portable Kelvin 
bridge 


LENOX INSTRUMENT CO. 


Inspection scope, remote optical 


system 


LINDE AIR PRODUCTS CO. 


Welding rods 


LINDSAY CHEMICAL CO. 


Samariam, gadolinium, 
dysprosiom oxide 


LOGANSPORT MACHINERY 
co. 


Control valves 


LOUDEN MACHINERY CO. 


Crane, fuel storage vault 


LUMMUS CO. 


Heat exchanger 


McDONOUGH STEEL CO 


Hangers, fuel rack grapple, 
stage racks 


McLEAN ENGINEERING 
LAB. 


Blower 


MAGNETIC ANALYSIS 
CORP. 


Recorders, amplifiers 


MAGNETROL, INC. 


Mercury switches, liquid level 
switch 


MALLORY SHARON METALS 
CORP. 


Zircaloy, magnetic analysis 
multifrequency equipment 


MALLINCKRODT CHEMICAL 
WORKS 


UO, scrap and UO: powder 


MALLINCKRODT NUCLEAR 
CORP. 


UO» ceramic powder, enriched 
UO. pellets, natural uranium 
oxide 


MANNING, MAXWELL & 
MOORE, INC. 


Level indicator, pressure indi- 
cators and transducers, tem 
perature indicator, differential 
pressure indicator with switch, 
primary drum safety valves, 
relief valves, deadweight tester, 
6-in. and 8}-in. test gages 


MARATHON ELECTRIC 
MFG. CO. 


Terminals 


MARSHALL-NEWELL SUPPLY 
co. 


Winch, tackle block, valves 


G. S. MARSHALL CO. 


Potentiometer 


J. O. MARTIN CO., INC. 


Valves 


MASTER METAL PRODUCTS 


Moly sheets 


MASTERSON BEARING CO. 


Ball bearings 


MASON-NEILAN DIV., 
WORTHINGTON CORP. 


Diaphragm control-vaives, 
differentic! pressure controller 


MATHESON COMPANY, 
INC. 


Gas cylinder, oxygen and hy- 
drogen cylinders and regulators 


MAYNARD SUPPLY, INC. 


Tool sling assemblies 


MERCAST MFG. CO. 


Tie plate castings, transition 
piece 


MERCOID COMPANY 


Low pressure switch 


MERIAM INSTRUMENT CO. 
Inclined, U-tube and high 


pressure monometers 


METROL, INC. 


Feed-system model, use of 
Radac computer 


MIDWEST PIPING CO., INC. 


Flow elements, carbon steel 
piping, aluminum piping 


MILLIPORE FILTER CORP. 


Filter holders and discs 


MINNEAPOLIS-HONEY- 
WELL REGULATOR CO. 


Temperature recorders and 
switch, differential-pressure 
indicator-controller, instrument- 


air regulator 


MOBIL OIL CO., INC. 


Mobil D. T. E. Oil 797 


C. J. MOFFETT MFG. CO. 
Crane 


C. W. MORRIS 


Strainer assembly 


MORRIS GURALNICK 


Probe with sensing element 


MOTOROLA INC. 
Diodes 


MOUND LABORATORY 


Beryllium, plutonium 


MYCALEX CORP. OF 
AMERICA 


Mycalex 
NRD INSTRUMENT CO. 
Fast neutron survey meter 


NALCO CHEMICAL CO. 


lon exchange resins for con- 
densate high flow, reactor 
cleanup and waste treatment 
demineralization units 
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automatic 

including 
Auto-Print 
Auto-Record 
Auto-Transfer 


programming 


weight less than 80 pound: 
internal power supply 

ALL coincidence features 
ferrite core memory 
memory subgrouping 

10” count capacity (10° OPT 
external programming 

LIVE display 


time analyzer mode 


CRYSTAL controlled live timer 


FAILSAFE channe! identificat 
0.5 percent linearity 
dead time meter 


spectrum transfer circuit 


most complete and 
available line of rRansisrorizeD analyzers 


FULLY TRANSISTORIZED . . . Most of the Pulse Height Analyzers produced today 
are transistorized units, and fully transistorized units have long been in produc- 
tion at RIDL. Full production of complete system RIDL transistorized multi-channel 
analyzers has allowed RIDL to put many units in the field and to produce additional 
available 200-channel Model 34-8s and 400-channel Model 34-12s. All models may 
be operated as one, two or four independent analyzers, or as multi-channel 
scalers (time analyzers). All models have all the best features of RIDL’s best 
analyzers. 

AUTOMATION IN THE LAB . RIDL designed the Model 34-8 and Model 34-12 
analyzers to save valuable technical man hours through providing such features 
as Auto-Print, Auto-Record and an automatic transfer circuit. A built-in crystal- 
controlled Live Timer allows automatic dead time correction. The addition of 
automatic background correction allows final data readout without laborious 
manual corrections or replotting of curves. 

AUTOMATIC DATA PROCESSING .. . RIDL builds on its maximum development 
of automatic data gathering and analysis further possibilities for automatic 
data processing. To normal printing and recording is added readout on mag- 
netic tape, punched tape, and parallel or serial entry printers. This allows full 
control over programming, internal and external data format, and data processing. 
Whatever your data readout and processing needs may be, our staff is ready at 
all times to discuss them with you. 





DRESDEN Many RIDL instruments have been supplied to Dresden and 
they are being applied in both control and monitoring systems. RIDL multi- 
channel analyzers are also being used in conjunction with nautical and land 
based reactors in other applications. Call RIDL for assistance in selecting 
nuclear detection equipment to fill your needs. 
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PHONE 


ILLINOIS 
RADILAB 


EAST NORTH AVENUE © NORTHLAKE 


MUrray 1-2323 © Cable Address 





Write for Catalog on 
Laboratory Furniture 
and Equipment... 


NASH HAMMOND & CO. 


Inserts, containers 


NATIONAL SUPPLY CO. 
Forging 


NEWARK WIRE CLOTH CO. 


Strainer 


NEWBROOK MACHINE 
CORP. 


Valves 


NEW ENGLAND LEAD 
BURNING CO. 


Acid dip rack, Koroseal tank, 
lead cup 


NEW YORK SHIPBUILDING 
CORP. 


Reactor pressure vessel, ‘'O"’ 
rings 


NOOTER CORP. 


Diffuser basket with poison 
sparger, scram dump tank, ‘‘O" 
rings, miscellaneous reactor 
vessel hardware 


NORTON CO. 
Balls 
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NUCLEAR CHICAGO CORP. 


Low range beta-gamma survey 
meter, slow neutron meter, 
alpha survey meter, sample 
carrier, lab carts, polyethylene 
shields, charts 


NUCLEAR MEASUREMENT 
CORP. 


Alpha and beta probe counters, 
Proportional counter, counting 
chamber, gas manifold and 
regulator 


NUCLEAR RESEARCH AND 
DEVELOPMENT CORP. 


Fast neutron survey meter 


OKADEE COMPANY 


Air-operated valve, solenoid 
valve 


OREGON METALLURGICAL 
CORP. 


Zircaloy 


OTIS ELEVATOR CO. 


Elevator 


OVERLY MFG. CO. 


Doors, frames, steel, personnel 
spherical enclosure 


KEWAUNEE 


Mfg. Co., 5083 South Center Street, Adrian, Michigan 


PACIFIC COAST 
ENGINEERING CO. 


Flanged ring 


PACIFIC METALS CO., LTD. 


Pipe, stainless steel bars, 
flanges, aluminum, brass 
sheets, pipe plug 


PACIFIC PIPE CO. 


300-Ib. cast steel angle stop- 
check valves 


PACIFIC PUMPS, INC. 
Pumps, gaskets, bushings 


PACIFIC STEEL PRODUCTS 


Grapple assembly, fuel rack 
basket to crane 


PADDOCK ENGINEERING 
co. 

Underwater vacuum cleaners 
and spare parts 


PALO ALTO ENGINEERING 
co. 

Potentiometers, transformers, 
choke 


PEERLESS PUMPS DIV. OF 
FOOD MACHINERY & 
CHEMICAL CORP. 


Pump 

PENINSULA ELECTRONIC 
co. 

Voltmeter, tester, milliameter, 
instrument manuals 
PENNSYLVANIA PUMP & 
COMPRESSOR CO. 
Receiver, service air, and in- 
strument air compressor, filter 
PERKINS ENGINEERING 
Radiation element, power 
supplies 

A. J. PETERS & SON 
Piping parts, steel work 
PHELPS DODGE COPPER 
PRODUCTS 

Tubes for main condenser, 
steam air ejector 
PHOTOSWITCH CO. 


Liquid level elements 


PIC DESIGN CORP. 


Cam 


WILLIAM POWELL CO. 
Gate, globe and check valves, 
motor-operated valve 

HENRY PRATT CO. 
Butterfly valves, circulating 
water valves 

PRECISION PISTON RINGS, 
INC. 

Piston rings 

PROCESS EQUIPMENT CO. 
Channel handling, fixtures 
PURE CARBON CO., INC. 
Graphite 

QUEMENT INDUSTRIAL 
ELECTRIC 


Transistors, diodes, potenti- 
ometers, buss fuses, tubing 
rectifier, capacitor 


RADIATION COUNTER 
LABORATORIES INC. 


Dual purpose shield, scintilla- 
tion detector 


RADIATION INSTRUMENT 
DEVELOPMENT LABORA- 
TORY, INC. 


Scintillation counter and 
crystal, pulse generator 


RAMO CORP. 


Pipe and rods, relay support 


RAYCHEM CORP. 
Cable 
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REFRIGERATOR AND 
POWER SPECIALTIES CO. 


Relief valve 


RESEARCH CHEMICALS 
DIV. 


Dysprosium oxide, evropium 
oxide 


RICHARDS-WILCOX 


Steel doors, vault door 


RIGGS NUCLEONICS CO. 


Area monitor ion chamber and 
radiation indicator, power 
supply 


REVERE CORP. OF AMERICA 


Glasswitch lever 


ROOTS-CONNERSVILLE 
BLOWER DIV., DRESSER 
INDUSTRIES 


Vacuum pumps, gears, bearings 


RUBICON INSTRUMENT 
CO. DIV., MINNEAPOLIS- 
HONEYWELL CORP. 


Portable precision potenti- 
ometer 


RUCKER CO 


Accumulators 


J. T. RYERSON & SONS, 
INC. 


Steel reinforcing structural 
supports 


SANFORD MACHINE 
EQUIPMENT & MFG. CO. 


Roof exhauster, ventilation fans 


SEVERDIA MFG. CO. 


Production design, fixture con- 
struction 


SHAKEPROOF, INC. 


Terminal 


SHELL CHEMICAL CORP. 


Epson resin, refined wax 


THOMAS SHORT CO. 


Safety valves 


SCHMIDT INSTRUMENT CO. 
Low volume air sampler, filters, 
and pumps, portable flow meter 
SIMONDS MACHINERY CO. 
Bearings, ‘'O"" rings, rotor 
assembly, pump 

SLOSS & BRITAIN 


Bellows assembly and spares 


SOLAR AIRCRAFT CO. 


Tubes, production tooling, bel- 
lows assembly basin to vessel 
seal 
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@ Completely automatic monitoring. 
@ Safe, error-proof, and easy-to-use. 

@ Wide range of warning levels. 

@ Positive warning of incomplete check. 
@ Includes external clothing probe. 


— ao 

Model HSM-10 provides completely automatic ' 

detection and measurement of beta-gamma contam- . \ 

ination on the back and palm of each hand and the i } 

bottom surfaces of both shoes. No skill is required in 

its operation. The user simply follows the instructions 

on the illuminated multi-colored panels at the top of 

the instrument. The Model HSM-10 employs the 

decade scaling principle and provides register read 

outs for error-proof counting. It offers an unusually He 

wide range of operating limits and warning levels : 

and thus can serve any health physics requirement. \ 

Write for Bulletin No. 167 a : 

“yoy 

2 new 1/a MONiToRs! 
PPM-8 PORTAL MONITOR provides a quick, effi- 
cient economical method of “head to toe’ monitoring 


of personnel entering or leaving a controlled area, 
ond thus prevents the spread of contamination. 


LIM-18 LAUNDRY INSPECTION MONITOR is o 
simplified low-cost instrument for monitoring 
clothing and equipment worn in beta/gamma 





TECHNICAL ASSOCIATES 


140 WEST PROVIDENCIA AVENUE * BURBANK, CALIFORNIA 





LENOX REMOTE VIEWING ‘SCOPES 
SERVE DRESDEN STATION 


Lenox leads the way in the development of borescopes 
and periscopes for the inspection of reactor compo- 
nents and other radioactive parts. Both instruments are 
supplied with offset optics and integral shielding. Of 
watertight construction and corrosion-resistant mate- 
rials, they are manufactured in lengths and diameters 
to fit the application. Adapters for T.V. and photog- 


raphy available. 


q NUCLEAR PERISCOPES 


For the viewing of remote handling 
operations such as hot cells, canals, 
and other hazardous processes. Also 


croscopes 





} 
available—metallurgical extended mi- | 
4. 


— 
} 


re 


REACTOR BORESCOPES > 


Allow for close-up inspection of re- 
actor’s fuel plates, tubes, etc. Inter- 


changeable, illuminated viewing heads 


and eyepieces 


permit combination 


borescope/periscope usage. 


When inquiring, please advise length and bore, any bore irregularities, and 
whether bore is accessible at one or both ends. We will be glad to submit 
recommendations, specifications and prices. 


LENOX 


SORENSON & CO., INC. 


Potentiometers, capacitors, 
power supply 


SOUTHWESTERN 
ENGINEERING CO. 


Cooler, heat exchanger 


SPENCER CHEMICAL CO. 
UO, hard scrap 

STANDARD ELECTRIC TIME 
CO. OF CALIFORNIA 


Timer 


STANDARD STEEL CORP. 
Cylinder 


STANDARD THOMPSON 
CORP. 


Bellows 
STANDARD WIRE & CABLE 


co 
Wire 


STAPLEX CO. 


Air sampler, filter holder, 
pressure indicator gage, filter 
papers 


STARRETT TOOL CO. 


Vibrometer, dial-test indicator 
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2010 Chancellor St. 


INSTRUMENT COMPANY 


NUCLEAR DIVISION 
Phila. 3, Pa. 
LOcust 8-6611 


STOVER STEEL TANK 
MFG. CO. 


Storage tanks 


SUPERIOR STEEL CORP. 


Steel 

E. D. SWEETLAND CO. 

Pipe 

TAYLOR INSTRUMENT CO. 


Load indicators, thermometers 


TECHNICAL ASSOCIATES 
Detector shield, lead shield 
tees, beta-gamma hand-shoe 


monitor 


TEXTRONIX, INC. 


Preamplifier, oscilloscope 


THERMO ELECTRIC MFG. 
CO., INC. 

Thermocouples, wire, pipe 
clamp 


TRACERLAB, INC. 


Low and medium beto-gamma 
survey meters, gas sampler as- 
semblies, calibration sources 


TUBESALES 
16-in. and 1-in. tubing, 87 pes 


seamless tubing, 4 pcs. seam 


less pipe 


UNITED AIRCRAFT 
PRODUCTS, INC 


“O" rings, teflon 


UNITED BOILER HEATING 
& FOUNDRY CO. 


10 racks, reactor head studs 


UNITED SHOE MACHINERY 
CORP. 


Eyelets 


UNIVERSAL CYCLOPS STEEL 
CORP. 


43 pcs. steel 


UNIVERSAL FABRICATED 
PRODUCTS CO. 


Material for reactor vessel, 
thermal insulation 


U. S. BORAX & CHEMICAL 
CORP. 


Boric acid 


U. S. GRAPHITE CO. 
Graphite and rings 


U. S. INDUSTRIAL 
CHEMICAL CORP. 


10 lengths zircaloy 


U. S. STEEL SUPPLY CO. 


26 Stainless steel strips 


U. S. STONEWARE CO. 


57 ceramic rings 


U. S. VALVE & MFG. CO. 
1000 aluminum beads, tubing 


UTILITY STEEL FOUNDRY 


28 castings 


VEEDER-ROOT INC. 


Counters 


VELAN VALVE CORP. 


Valve assembly 


VICTOREEN INSTRUMENT 
co. 


Resistors 


VIKING FORGE & STEEL 
co. 


Stainless steel, 90 forgings 


VOI-SHAN MFG. CO. 


Zircaloy 


WAH CHANG CORP. 


Zircaloy 


WALWORTH CO. 


Gate, globe & check valves 


WARREN & BAILEY . 


1 cap check valve, 5 globe 
valves, 2 relief valves 


WEEKS-HOWE-EMERSON 


Sling, service platform assembly 


WESTATES STEEL CO. 


Steel channels, miscellaneous 


pieces steel cutting 


WESTCO PUMP SALES 
Condenser area pump, turbine- 
type horizontal pump 
WESTERN FORGE & 
FLANGE CO. 


Flanges, 2-\b zinc ingot 


WESTERN TOOL & SUPPLY 
co. 


Bushings 


WHITING CORP. 


Reactor pressure vessel turning 
vane, boron shield top and 
bottom plate, general purpose 
and orifice-piece grapples 


WHITNEY CHAIN CO. 


Magnetic drive 


WHITE METAL ROLLING & 
STAMPING 


Cadmium sheet 


WIANCKO ENGINEERING 
co. 


Pressure indicating receivers 


and transmitters 


WILLAMETTE IRON & 
STEEL CO. 


Bottom core support plate, top 
grid plate 

WKM DIV. OF ACF 
INDUSTRIES 


Side outlet flanges 


WOODIN AND LITTLE 


Lube oil continuous filter pump 


WORTHINGTON CORP. 


Main condenser, steam air 
ejector spare ports, circulating 
water pumps and spare parts 


WRIGHT HOIST DIV. 
AMERICAN CHAIN & 
CABLE 


Hoist, trolley, chain hoist with 
trolley 


YARNALL-WARING CO. 


Level gage glass, level indicator 
and switch, level indicator 


transducer and switch 


YUBA MANUFACTURING 


Reactor unloading and reactor 
cleanup regenerative heat 


exchangers 


ZALLEA BROTHERS 


Bellows 
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LOOKING 
, 2 

NUCLEAR fe 
EXPERIENCE? 4 


’ 


Examine Vitro’s record of engineering services. Nuclear power plants: 626 MWE 
m@ research and test reactors: 321 MWT @ shielded hot cells: 8.2 x 10° curies 
capacity ™@ chemical separations facilities: over 2000 tons per year throughput. 
Also included are laboratories, test devices and isotopes separations plants. 


Completed Vitro nuclear projects are worth more than 1.5 billion dollars. 
AT THE 1960 ATOMFAIR-WEST, FOR FURTHER INFORMATION CONTACT CHARLIE YERKES OR BILL LANE AT THE FAIRMONT HOTEL. 


Vitra 


VITRO ENGINEERING COMPANY / A Division of Vitro Corporation of America / NEW YORK - WASHINGTON -LOS ANGELES / OVERSEAS: GENEVA - MILAN- BOMBAY 
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APPLIED RADIATION 





- 
A = 4 


NUCLIDE USERS FROM MANY NATIONS gathered at Copenhagen, Sept 6-17, to discuss 


applications in science and industry. 


Here, left to right, Hobart Ellis, NUCLEONICS, Henry 


Seligman, IAEA; Paul Aebersold, U. S. AEC; V. V. Bochkaryov, USSR; Kurt Lijunggren, 


Sweden; J. L. Putman, England (hidden); Charles Fisher, France. 
International Atomic Energy Agency conference had ~600 participants 


unidentified.) 


(Man in coat at right is 


Radiation Technology: 
An IAEA Conference 


By R. HOBART ELLIS, Wis Associate Editor. NUCLEONICS 


Users of radionuclides descended into 
Copenhagen from many directions last 
September for an 11-day conference 
sponsored by the International Atomic 
Energy Agency. About 600 delegates 
attended, delivering a total of ~150 
papers. The prevailing 
was that of a “little Geneva” with such 
conveniences as simultaneous transla- 
tion and previously prepared abstracts 
and reprints. Conversations in corri- 
dors and over coffee cups showed that 
delegates were eager to meet and talk 
with their counterparts in other 
countries. 

Among the technical papers much 
more attention was paid to extension 
of old techniques than exploration of 


124 


atmosphere 


Here and there 


found an unusual use of radioactivity 


new trontiers one 
or a truly novel extension of method. 
On the whole 


usual lack of real industrial exploitation 


however, there was the 
of radionuclide technology and the 
usual abundance of tracer techniques 
in studies of radiation chemistry, labo- 
ratory analysis, reaction kinetics, metal- 
lurgy and subjects of similar nature. 


Unusual Uses 


While most of the speakers at Copen- 


hagen were telling how to use radio- 
nuclides as practical tools for everyday 
tasks, a few were describing uses sug- 
gested by imagination and intellectual 


curiosity. Looking into the past one 


group ol radiography rs has been study- 
ing a cathedral door in Poland, and 
neutron activators have been studying 
billion-year ages of meteorites and com- 
positions of ancient silver coins. Look- 
ing into the future Brookhaven scien- 
tists are using meteorites as probes to 
explore the density of cosmic rays in 
space, 

How did the artists of 1170-1180 cast 
32 meters high and 8 
meters wide? To find out Godlewski 
of the Polish Academy of Sciences, 
Warsaw, made radiographs of the doors 


bronze doors 


of the Gniezno Cathedral using a 1.5- 
curie Cs'*7 source (117).* He concludes 
that the left wing, slightly larger than 
the right, was cast as a whole; the right 
was cast in parts and soldered together. 
study seeks the 

Astronomers assume 
which fall at the rate 


Another scholarly 
age of the earth. 


that meteorites, 


_of 1 ton/day on the earth, were created 


with the solar system. Thus if we find 
the age of a meteorite, we find the age 
of our part of the universe. To do it 
Herr and his associates of Mainz and 
Juelich, Germany, and Bern, Switzer- 
land, have used neutron activation to 
measure rhenium-osmium ratios (144). 
Reproducibility is +9%. They also 
studied molybdenites in geologically 
old ores and concluded that Re'*’ has a 
half-life of 5.5-6.8 10’ years. On 
their 
meteorites range 
5.6 X 10° years. 
Whether cosmic 


minimum ages=for_ 
3.7 X 10° to 


this basis 


from 


rays originate at the 
sun or elsewhere remains a question. 
One way to approach it, say Schaeffer, 
Stoenner and Davis of Brookhaven, is 
to compare the short- and long-half-life 
Short- 
lived activities represent the cosmic-ray 


activities in a meteorite (194). 


intensity as the meteorite approached 
the earth; long-lived activities repre- 
sent the intensity at the average dis- 
tance from the meteorite orbit to_its 
focus at the 
several times the distance from earth 
Ar*’-to-Ar*® 
counting-rate ratios and standardizing 


sun, which is usually 


to sun. By studying 
with the results of cosmotron proton 
that 


cosmic-ray intensity is constant over 


bombardments, they conclude 
the meteorite orbit and the sun is not 


the origin of the cosmic rays. 


New Techniques 


Some novelties appeared among reve- 
lations at Copenhagen, both new ideas 


* Reference numbers are those assigned 
to the papers at the Copenhagen conference. 
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Van de Graatf" 
NEUTRON SOURCE 
FOR ACTIVATION ANALYSIS 


10°" n/se from D-T Reaction 


NEUTRON ACTIVATION is becoming of 
increasing importance in quantitative analysis. 
The extreme sensitivity of this method to trace 
amounts, the speed and simplicity with which 
samples can be analyzed, and dependence only 
on simple radiation counting and measuring 
equipment to assure accuracy, makes it suitable 
for microanalysis where chemical methods are 
inadequate or for macroanalysis with produc¢- 
tion rapidity. 


THE HIGH VOLTAGE MODEL AN-400 
positive-ion accelerator is the lowest-priced 
source of intense neutrons on the market. 
Operated at 400 kev, its full beam current of 
150 microamperes is effective in producing 
neutrons from a thin tritium target. It is com- 
pact (about 10 square feet of floor area) and 
mobile and is designed for safety, with all 
high voltage fully insulated. Based on the 
proved designs and experience of High Volt- 
age Engineering Corporation in building and 
installing more than 250 particle accelerators. 


IN NUCLEAR ENGINEERING, the Model AN-400 is a useful experi- 
mental apparatus for studies of transient and steady-state effects in 
sub-critical assemblies and for teaching physics and reactor technology. 
May be equipped for pulsed operation or electron outputs if desired. 


NEW BULLETIN AN-4 
—Describes specifications 
and performance in detail. 
Write Technical Sales for 
your copy. 
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APPLIED RADIATION 7his article starts on page 124 


and novel extensions of old 
Among the most interesting were 
@a method for producing nuclides with 
an internal betatron target (131) 

@a tracer experiment in which the 
tracer is made radioactive only after it 
has been used to trace (1/8) 

@a method for making free, tagged 
halogen atoms by recoil from n,y reac- 
tions and subsequently studying their 
reaction rates (42) 

@an automatic analyzer that performs 
a programmed radiometric measure- 
ment (202) 

@ sensitive paper chromatography with 
C'+-tagged organics (9) 

@study of etched metal surfaces with 
radioautographs of thin plastic films 
that remove small amounts of inclu- 


ones. 


sions (26) 
@a statistical voltmeter using beta rays 
as a pointer (96) 

Betatrons offer the convenience of 
energetic electrons and the inconven- 
ience that one must ordinarily work a 
long way from the X-ray target. 
Moringa, working at Tohoku Univer- 
sity, Japan, has dodged the inconven- 
ience by installing an airlock and mak- 
ing a target in which he can place the 
irradiated specimen. His main pur- 
poses are in nuclear spectroscopy, and 
he has discovered several new nuclides 
(Co*, Ga’§, As®!, In!*!, In!2*, Tm", 
Tm!"5, Ac**!), But the method can be 
adapted by such betatron users as 
hospitals to make such nuclides as 
10-min N'%, 20-min C'! and 32-min 
Ci*, 

The statistical voltmeter is useful 
when one wants a time average of a 
quantity rather than a second-by-sec- 
ond trace of the value. <A Sr*® source 
(10, 20 or 50 me) is mounted with its 
collimator in place of the usual needle 
on a voltmeter movement. The beta 
rays are directed at a film, and when 
the film is developed, the density from 
point to point is proportional to the 
total time spent by the needle in each 
position. In the present instrument 
described by Vinet and others of Elec- 
tricité de France, source size determines 
averaging period, 

Other members of the preceding list 
are discussed in paragraphs that follow. 


Radiation Chemistry 


Two tracer techniques have been 
applied to studies in radiation chemis- 
try. In one of them C'-labeled mate- 
rials are irradiated, and decomposition 
products are separated by paper chro- 


126 


In the other, radioactive 
I'3! is used to scavenge radicals formed 
as one irradiates such hydrocarbons as 
cyclopentane. After 
assessing yields by counting, one can 


matography. 


n-pentane and 
deduce what radicals produce them. 
Chromatography applied to 
solve difficult analytical problems posed 
by irradiation of complicated carbo- 
hydrates. Irradiation usually makes 
such small quantities of so many prod- 
ucts that one cannot separate them. 
But two Welsh chemists, Phillips and 
Criddle, report separation of the prod- 
ucts of irradiated d-sorbitol and d-man- 
standard 


was 


nose by procedures and 
quantitative evaluation by two methods 
(9), 

Samples labeled with C' were irradi- 
ated to ~10° rads in water solution 
(~5.5 millimoles, 25 we, 100 ml). A 
drop of the irradiated mixture was then 
placed on paper and separated in one 
direction with a mixture of 1-butanol, 
acetic acid and water (4:1:5). If this 
separation was not enough, separation 
in the other direction (Fig. 1) was 
accomplished with a 1-butanol-pyri- 
(10:3:3). 
reagents showed separated components 


dine-water mixture Spray 
visually. 

For quantitative indications, the 
scientists counted the paper strips with 
an automatic scanner that they devel- 
oped with Research and Control Instru- 
Ltd. of Another 


method was to make radioautographs 


ments, England. 


of the paper strips and then measure 


“COME TO SEE STOCKHOLM,” says Ljunggren of Sweden to Fisher of France. 


te 


FIG.1. PAPER CHROMATOGRAPHY sepa- 
rates products produced in irradiation of 
C-labeled sugar. Figure is radioavto- 
graph of dried paper after separation in 
two directions with different solvents 
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FIG. 2. AUTOMATIC TRACING of one- 
dimensional paper chromatograph shows 
peaks of C'‘ activity, each of which cor- 
responds to one or more products from 
irradiation of d-sorbitol 


Others, 


left to right, Bochkaryov, Putman and Seligman, who was conference chairman 
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the density of the exposure. An exam- 
ple of such an autograph-density meas- 
urement is shown in Fig. 2. 
Scavengers. The sensitivity of the 
iodine-scavenging method, reports 
Dauphin of the Paris Faculty of Sci- 
ences, is practically without limit (100). 
He labels mixtures of sodium iodide and 
sodium iodate by adding NaI'*!, pre- 
cipitates the labeled iodine from a water 
solution and extracts it in the hydro- 
carbon of interest. One must not have 
too many iodine atoms; they would 
One must not 
have too few; all radicals would not be 


perturb the medium. 


Thus the organic solution 
10-*-molar in I, that has 
such a specific activity that the solution 
5-cm* samples are 


scavenged. 


is made 5 X 


has ~0.2 me/em?. 
vacuum distilled, degassed and irradi- 
x 10° r. 
tration is thereby reduced to about a 
tenth of its original value but remains 
be effective in 


ated to ~2 Iodine concen- 


great enough to 
scavenging 

The user of the method has separated 
the iodine compounds among his irradi- 
ation products with a distillation col- 
a threaded Teflon 
cylinder turning in a 55-cm-long, 5.5- 


umn consisting of 


cm-diameter glass tube. He 
mends, that 
would be a 


recomn- 
vapor-phase 
better 
Considerable 


however, 
chromatography 

method of 
care reduces the danger that iodine 


separation. 


compounds will decompose, exchange 

with one another or react chemically 

before they can be recognized. 
Dauphin measures both boiling tem- 


Atmospheric 
pressure 








1 


166 mm Hg 


~~ Temperature 


Counting rate 


perature and efflux counting rate as 
functions of time to get his results. 
(Counter is a Pyrex helix around an 
EKCO G4 Pb G-M tube.) Typical of 
results are the curves of Fig. 3. He 
correlates steps in both curves with the 
iodides that are produced by the scav- 
enging process. 


Analysis with Neutrons 


For chemists with neutron sources in 
their cellars one paper delivered at 
Copenhagen offers a new way to meas- 
ure reaction-rate constants and heats of 
reaction. One irradiates a gas with 
neutrons. When an atom of large 
cross section captures a neutron, the 
recoil frees the atom from its molecule 
and the n,y reaction makes it radio- 
active. Thus one generates a popula- 
tion of labeled atoms, and one can 
follow and measure their reactions by 
analyzing the mixture at intervals for 
reaction products and finding their 
specific activities. To find a rate con- 
stant, one introduces a reagent that 
initiates a competing reaction of well- 
known properties and compares the 
unknown reaction with the known one. 

Laurence and Stranks, working at 
the University of Leeds in England 
irradiated carefully purified samples of 
methyl iodide (42). Neutron captures 
in large-cross-section 
labeled iodine atoms, and these ex- 
change with the methyl-iodide sub- 
strate. Since they wanted a competing 
reaction that would produce an inor- 
ganic product easily separable from 


iodine release 


ting rate (10°cpm) 


Voun 
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FIG. 3. 


by irradiating n-pentane in presence of |'*! scavenger. 


COUNTING RATE AND BOILING TEMPERATURE in distillation of iodides formed 


They indicate molecular frag- 


ments that are formed by degradation of original molecule 
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FIG. 4. METHANE EXCHANGE produces 
these amounts of gas-borne activity as 
methane-hydrogen mixture acts on film 
previously exposed to labeled methane 


methyl iodide, the experimenters intro- 
duced stable iodine and studied the ex- 
change between radioactive iodine 
atoms and inactive iodine molecules. 

Many precautions are required to 
know just what is happening. To 
make sure that results are not biased 
by hot-atom reactions (reaction favored 
by extra kinetic energy of the reacting 
atoms) Laurence and Stranks introduce 
inert gases at various pressures and 
study resulting changes. To look for 
ion-molecule reactions, they introduce 
a gas with a small ionization potential 
and also apply strong electric fields 
across their reaction cell. To test for 
radiolysis produced by the gamma rays 
from their antimony-beryllium source, 
they subject the reaction to photon 
fields of different intensities. Yield 
curves are properly linear with methyl- 
iodide pressure and reciprocal of 
temperature. 


Reaction Kinetics 


British Petroleum Co. scientists have 
been studying the action of catalysts 
(cerium- and potassium-promoted 
chromia-alumina) on such hydrocar- 
bons as n-heptane, n-octane, trimethy! 
pentane and methyl heptane (28). 
Hydrocarbons specifically labeled with 
C'™ pass over the catalyst in a heated 
reactor; reaction products are then 
separated, burnt to carbon dioxide and 
counted (as BaCO;) with an end-win- 
dow G-M counter. From observations 
of the location of the labeling activity 
in various portions of the final prod- 
ucts, the experimenters postulate mech- 
anisms for catalyst action; for example, 
attachment of methyl groups and sub- 
sequent rearrangement in trimethyl! 
pentane, formation of aromatics by 
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APPLIED RADIATION 
This article starts on page 124 
direct ring closure in methyl heptane. 

In similar studies Coekelbergs and 
his coworkers at the Royal Military 
School, Brussels, continue to explore 
their belief that catalytic action of thin 
films depends on a molecule held on the 
film in an equilibrium with the gases 

_around it (72). Thus they expose an 
evaporated molybdenum film to meth- 
ane, evaporate the cell, fill again with 
a mixture of methane and hydrogen 
and measure the rate of exchange as a 
function of temperature. 

Either of the two methane charges 
ean be labeled with C'. When it is 
the first, that used for initial treatment 
of the film, one watches for radioactiv- 
ity to appear in the gas mixture ad- 
mitted to the cell subsequently. Fig- 
ure 4 shows curves that result as one 
admits a methane-hydrogen mixture, 
heats the system to a fixed temperature 
and then subsequently raises the tem- 
perature to 425° C, 

If the film is first treated with non- 
radioactive methane, it is subsequently 
exposed to Then 
counts the film to see how much radio- 
activity it has acquired. 

Other Copenhagen papers on reac- 
tion kinetics were concerned with elec- 


labeled gas. one 


tron-exchange reactions in mixed sol- 
vents (/86), inorganic 
aqueous solutions (185) and the actions 
of sulfur atoms in a multitude of high- 
temperature reactions (3). 


reactions in 


Chemical Equilibria 


Several laboratories, particularly Oak 
Ridge National Laboratory, are using 
radiotracers to study corrosion, ion ex- 
change and other problems of chemical 
equilibria. Grimes and his Oak Ridge 
associates reported several studies on 
reactions that are important to the 
technology of 
(176, 178). 

One of their studies concerns trans- 
port of chromium from high-tempera- 
ture to low-temperature regions of a 
circulating system. The exchange 
comes about because of temperature- 


molten-salt reactors 


‘sensitive exchange between chromium 
in the walls and CrF, in the solution. 
Cr®' was introduced as a tracer into the 
circulating fluoride, which was then 
counted as chromium disappeared into 
the metal. Also counted were metal 
specimens exposed to the Cr®!-spiked 
fluorides. They were polished, counted 
and polished again until 90% of the 
activity had disappeared. Thus the 
experimenters had a measure of the 
diffusion of chromium in their alloys. 
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The group has used labeled 
rare-earth fluorides in studies of fission 


With a 


to removing large-cross-section 


same 


products in a fluoride stream. 
view 
nuclides from a fuel solution they have 
studied oxide precipitation and isotope- 
exchange reactions. 

Cartledge, too, is studying corrosion 
at Oak Ridge, particularly the action 
of the pertechnetate (TcO7) ion as a 
protector of iron (183). With Tc* as 
a tracer he has coated iron surfaces and 
used radioautographs to find how the 
For 
parison he has used salts of rhenium, 


technetium is deposited. com- 
which falls in the same chemical period. 
Irradiation produces Re'** and Re'**. 
Studies of passivation of stainless steel 
have used Fe®*, Fe®* and Cu®. Cart- 
ledge has also used I'*! to study the 
inhibition of iron dissolution in sulfuric 
acid. 

Another Oak Ridge scientist, Kraus, 
reports studies of two-phase equilibria 
in packed beds and columns of silver- 
sulfate 177). Ag! is his 


Since analysis is short, the 


crystals 
tracer. 
main problem is to establish equilib- 
rium quickly. Several methods are 
useful: shaking small samples of solid 
measuring the time of 


and solution, 


breakthrough as solution containing 
tracer is passed along a column, meas- 
uring the time for input and output 
solutions to be of equal composition 
(for large distribution coefficients), and 
initially equilibrating tracer and solid 
before watching for the effect of a test 
solution on the column. 


Metallurgy 


Metallurgists and metal producers 
were strongly represented among the 
radionuclide users at Copenhagen. A 
Polisk 
use of gold as a tracer in aluminum that 


paper described an interesting 


avoids radiation hazard by activating 
the tracer after the experiment is per- 
about 
grain 


formed. Several papers were 


diffusion 
One was on the produc- 


experiments in and 
boundaries. 
tion of very pure silicon (143) and 
another on the production of metal 
tubes (4). 

Pradzynski and Orman of the Polish 
Academy of Sciences are the ones who 
use stable gold as a tracer (118). After 
the experiment is complete, they irradi- 
ate with short-lived 
activities to decay and then count the 
0.41-Mey Au! photopeak. Thus they 
have the sensitivity of a radioactive 
tracer (Co®, Zr® and Au! are common 
its usual disadvan- 


neutrons, allow 


choices) without 


Gold was selected from various 


tages. 


possible nuclides after comparing their 


FIG. 5. EXTRACTION_REPLICA, Formvar- 
and collodion film stripped from polished 
and etched metal surface, produces this 
radioautograph to show Mn” concentration 


half-lives and cross sections with those 
of aluminum and its impurities. 

With methods of extreme precision 
Lazarus of the University of Illinois is 
looking for an isotope effect as Fe®® and 
Fe diffuse through single crystals of 
So far the 


actual masses of these iron isotopes 


copper and’ silver (188). 


appear to be equal to effective masses 
that enter equations for diffusion, and 
the isotope effect is smaller than theory 
predicts. 

How do elements that assist hydro- 
gen to penctrate into metals affect the 
metals themselves? Are they merely 
catalysts, or do such elements pene- 
trate and remain in the metals? With 
S*° Besnard and Talbot of the Vitry 
Laboratory of the National Scientific 
Research Center, France, have shown 
that within half an hour at 15° C sulfur 
used to encourage hydrogen penetra- 
tion goes into radiolytically pure iron 
to a depth of 120 microns (84). In 
other diffusion experiments using thin 
sectioning techniques Barr, Blackburn 
and Brown of the Solid-State Labora- 
tory, Edinburgh University, find that 
diffusion of antimony (Sb‘**) into cop- 
per at very small depths is much less 
than one would expect from grosser 
measurements (45). The explanation 
they suggest is that the metal is defi- 
cient in vacancies near a free surface. 
Similar thin-sectioning techniques in 
which the 
counts the radioactivity remaining are 
used by Lacombe, Guiraldenque and 
Leymonie at the Ecole Nationale Su- 
perieure des Mines in Paris (89). 

A new radioautograph technique is 
metallurgists 


one abrades surface and 


available for who are 
usually plagued with the difficulty or 
impossibility of preparing thin speci- 
mens like those that are useful to the 
Makin at the Wantage 
Research Laboratory, 


biologist (26). 
England, pre- 
pares what he calls extraction replicas 


of his metal surfaces and then, using 
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either radioactivity previously intro- 
duced into the metal as a tracer or that 
induced by neutron irradiation of the 
replica, exposes radioautographs. To 
make an extraction replica one first 
etches the surface with an agent that 
loosens a component of interest, then 

ls Formvar and collodion to make a 
that can be stripped away with 


the loosened material. Fig. 5 shows an 
autograph of such a film containing 


Mn** from stainless steel. 


Chemical Analysis 


In the Copenhagen papers devoted | 


0 analytical 
clides there is the usual preponder- 


f laboratory methods; only a few 


werned mainly with methods for 


cale, routine, industrial applica- 
Two of these are already widely 
Hale and Bisby report work 


it Harwell on beryllium analysis using 


ipplied 


Sb'*4 gamma photons to excite the 

Be® re 
that use this method are 
in the U.S. (NU, April 
Berry, Cameron, and 
Wilson of Wantage and Amersham re- 


iwction (40). Commer- 
i aecvices 
{ , 

Liread ior sak 


60, p 107 


ort their studies of leak testing with 
Kr®® (1¢ \ similar method was used 
time ago by Bell Laboratories to 
inderwater repeaters (NU, July 
Radiflo Leak Detec- 
tor manufactured by American Elec- 


_ 9 14! 
1, D. SZ and the 


tronics uses the same principle. 

Scott and Driscoll of Nuclear-Chicago 
lescribe one automatic process instru- 
ment that uses a radionuclide (202). 


It applies principles of radiometric 
inalysis that the authors have already 
found applicable for the following ions: 
Cl-, CN-, CrO<-~, Br-, PO« , Pot, 
Ba and Ni The method consists 
in measuring the radioactivity of ex- 

ss reagent rather than that of reaction 
products, which is more often measured 


The automatic device samples boiler 


der tout 
+) UT pu 


FIG. 6, RADIOMETRIC ANALYSIS pro- 
duces this trace as automatic device samples 
boiler water for PO, ions with Ca*® 
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NEW PROFESSIONAL GROWTH OPPORTUNITIES for 
SCIENTISTS > 


HEALTH PHYSICISTS 


IBSHR —The Integral Boiling and Superheat Reactor, in which 
water is boiled and superheated within the same reactor core, 
is one of the advanced concepts under study. To realize the ad- 
vantages of this concept, challenging problems in reactor con- 
trol, fuel element design and frabrication, and fluid mechanics 


will require solution. 


Scientist-Engineers —To analyze tran- 
sient conditions in nuclear reactor sys- 
tems; development of equations describing 
the nuclear thermal and hydraulic condi- 
tions within system components. Should 
have several years experience with analog 
and/or digital computational techniques. 
B.S. or M.S. in Engineering, Physics or 
Mathematics. 


Scientists-Engineers —To direct health 
physics and industrial hygiene programs; 





work also includes engineering problems 
concerned with reactors and hot labs. B.S, 
degree in physical science plus AEC fel- 
lowship or equivalent. 


Engineer —To develop and apply new 
techniques for analog and digital compu- 
tations; to increase efficiency of computer 
facility. 5 years experience in computer 
techniques with Master of Science in engi- 
neering. 


Engineers — Development work in metallurgy of reactor materials for 
fuel elements, core and structural components. B.S. degree in metallurgy 
with 2 years experience in related nuclear activity required 


If you can visualize your professional growth in an atmosphere of scientific 
investigation, write to: Mr. C. S. Southard, Westinghouse Atomic Power 
Division, PO. Box 355, Dept. X-42, Pittsburgh 30, Pa. 
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“FIRST-—GET YOUR OWN COPY OF ANTON'S 
A,B, Y AND NEUTRON DETECTOR CATALOGS.” 


lear instrumentation job—or the ‘‘old man 
tting your own copy of Anton's a, b, y and 
has become standard operating procedure 
nstrument standards have been set by Anton. 
jetector types are normally available from 
W y. Anton nuclear laboratory, health, physics 
ind survey ins ments are also in continuous development and 
fo) dele ierendiela) 


If you.nee r own Catal 1 copy of our complete data is waiti 
3ulletin DN-1. ANTON ELECTRONI 


LABORATORIES IN¢ 
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water on a signal, adds Ca**Cl., com- 
pletes a 10-min analysis, and records 
the concentration of PO, ion. A 
typical result is shown in Fig. 6. 

For measurement of hydrogen in 
metals Evans and Herrington of U. K. 
AERE, Aldermaston, heat their sam- 
ple, dilute the released gas with tritium 
and count the mixture (39). In an- 
other use of tritium Carson and Cooper 
of University of Leeds, England, and 
Stranks of the University of Melbourne, 
Australia, have been counting the gas 
that effuses from labeled organics as a 
measure of vapor pressure (41). 

Beta-excited X-ray fluorescence is a 
suitable measure of small concentra- 
tions of molybdenum in steel, nickel in 
aluminum and bromine in metals ac- 
cording to a report by Mellish and 
Payne of Wantage, England (21). 
They have been able to detect 0.1% of 
molybdenum in steel with a Cs'*! 
source, about the same concentration 
of nickel in aluminum with a Cd! 
source and the bromine in 20 eg of salt 
evaporated on a foil. Mueller is using 
similar techniques to measure such 
things as film thicknesses and composi- 


tions at Los Alamos (208). 


Neutron-Activation Analysis 


Evidence shows continual growth in 
the volume and variety of neutron acti- 
vation analysis. Papers delivered at 
Copenhagen reported application of 
this technique to problems as old as 
archeology and others as new as rapid 
analysis (see page 70). Aitken and 
associates at Oxford University, Eng- 
land, have applied this method to 
ancient silver coins (37). From what 
a coin contains archeologists hope to 
study ancient metallurgy, transfer of 
techniques from one culture to another, 
deliberate debasement of coins, com- 
mon origins of similar objects. To this 
end the Oxford archeologists irradiated 
silver coins in BEPO to ~10" n/em? 
Counting appropriate gamma energies 
then permitted them to assess Cu", 
Ag'!®™ and Au'®*, As a check on their 
accuracies they made a second set of 
counts on each col and compared the 
decays of the different gamma counting 
rates with the half-lives of the corre- 
sponding nuclides 

Meinke of the University of Michi- 
gan reports continuing work toward 
neutron-activation analysis with short- 
lived activation products (283). He 
points out that neutron-activation 
analysis will become a useful tool when 
analyses take a day or an hour rather 
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than the week or so that many require 
now Many elements have nuclides 
uch that considerable:advantage comes 
from handling short half-lives. For 
example, 2.3-min Ag! has a cross sec- 
tion ten times that of 270-day Ag" 
ind reaches saturation activity in 

n rather than several years of irr 
itiol 24-sec Ag!!® has a cross section 
50 times as large as that of Ag'!®". 

To take advantage of such short- 
ived nuclides, Meinke has been using 
iainly his pneumatic tubes operated 
in conjunction with the Michigan reac- 
tor (NU, Sept. ’59, p. 86) and rapid 
adiochemical procedures. Recently 

has been using the same system with 

Texas Nuclear neutron generator (see 
page 66 He makes no mention of 
simultaneous irradiation and counting 

th pulsing techni Hes 

Fast-neutron activation may find ele- 

nts accurate when slow-neutron 

ation will not When large ther- 
eutron cross sections cause an in- 
erminate amount ol self-shielding in 
sample, Gibbons and Simpson of 
ge Research Laboratory, Eng- 


turn to fast neutrons to measure’ 


oncentration of sulfur with the 
P*? reaction (7). By irradi- 
iting samples in two positions, one with 


greater fast-to-thermal-flux ratio than 
other, they can analyze for sulfur 
1 phosphorus at once. The reaction 
that identifies phospherusis P*!(n,7) P*, 
and the ratios of fast and thermal cross 
tions for the two reactions are quite 


daifferent 


Tracers in Batteries 


Despite theory to the contrary, 
Palagyi of the Hungarian Academy of 
Sciences, Budapest, has found that 
storage batteries stored in a discharged 
ondition will last through more charge- 
arg es than those stored 
lding cells with labeled 
rroved that migration of 
vhen the cells are not 
Since migration leads 
to short-circuiting of the 
vidence is that the discharged 

the better one. 
ad pressed zinc-oxide nega- 
trodes alternating with pressed 
positive electrodes. He 
ls, half with a single 
electrode labeled with 10 we of 
half with a single positive 
labeled with 60 we of Ag'!®, 
up of cells was stored 
harged. Measure- 
of 1, 2, 3 and 6 


it migration is greater 
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ENVIRONMENT— 2x7A77R225TH141 


CONCERNING ANTON GM-TUBES 
The following note accompanied a recent 
periments with.satellites and deep space pr 


Chances are—one of the 300 some odd a, §, v and neutron de 
tectors available from stock (or 4 to 6 week delivery) may meet your 
unusual environmental challenge. If not, we can help you—as we 
have done others—by development of detectors for your specific 
needs. Anton Detector data belongs in your file—send for Bulletin El 
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ELECTRONICS for 
NUCLEONICS 


The complete instrumenta- 
tion for the research reac- 
tor "SILOE” of the Univer- 
sity of Ghent including 
highly dependable control 
equipment with fully transis- 
torized servo system is a 
development of our 

“Nuclear Energy Division’’. 


This reactor is completely 
designedand builtin Belgium 
by “BelgoNucléaire’’. 
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RUSSIAN NUCLEONICS 


Nitrogen-in-Water That the Russians, too, are having a good look at 
Radiation Yields nitrogen fixation by irradiation of various mixtures 
is clear from a recent letter to the editors of Atomnaya 
Energiya. The authors have exposed nitrogen-water solutions to gamma rays 
and fast electrons at various pressures, doses and dose rates. They have previ- 
ously made some significant explorations of irradiation of nitrogen-oxygen mix- 
tures, and they promise to present their deductions concerning reaction mecha- 
nisms in a later publication. 

One gathers from this letter that the Russians are using equipment and tech- 
niques much like those of U. 8. radiochemists. As radiation sources for this set 
of experiments they used 1.4- and 20-kilocurie Co® installations and an accelerator 
that produces 0.2-Mev electrons. They irradiated distilled-water-filled glass and 
stainless-steel capsules in which they had dissolved nitrogen to pressures of 1-150 
atmospheres. To measure electron doses they use a distilled-water calorimeter 
in which an electric heater serves as a calibration power source. During expo- 
sures ion concentrations are determined from electrical conductivity; afterward, 
by calorimetric chemical determinations; for example, disulfophenolic acid and 
ammonia are used to determine nitrate-ion population. 

Data from the investigations show nitrite and nitrate productions as functions 
of dose, dose rate and pressure. At gamma doses up to ~10* ev/cm‘ nitrite- 
nitrate production is precisely proportional to total dose, the slopes of the curves 
increasing rapidly as pressure increases from | to 20 to 100 atmospheres. When 
doses ten times as great are delivered with fast electrons to samples at 1 atmos- 
phere pressure, the production rate rapidly diminishes; curves round over to 
become almost flat at 1074ev/em*. On the other hand, when nitrogen is supplied 
during irradiation, reaction rate remains constant. (M. T. Dmitriyev, 8S. Ya. 
Pshezhetskiy, Atomnaya Energiya 8, 59 (1960)]| 


Optical Activity A surprisingly simple way to measure radiation dose 
Indicates Dose is to irradiate a sugar solution and then measure its 

optical activity—the amount by which a specified 
amount rotates the plane of polarization of a light beam. The Russians who 
write about the method recommend it for its wide dose range (up to 10*-10° r) and 
| dose-rate independence. Their communication, which is only a brief letter to the 
editor, contains few details. 

Experiments investigating the method consisted of Co” irradiations of 20% and 
45% water solutions of sucrose and glucose and subsequent ex: a with a 
10-in.-long polarimeter. Dose curves with the letter show t. .ages in the 
polarization angle of ~8 deg for 108 r; 7-m! specimens were irradiated at rates 
up to 10°r/hr. Glucose is more stable as a dosimeter than sucrose; sucrose has 
the added disadvantage of great temperature sensitivity in its optical activity. 
[S. V. Starodubtsev, Sh. A. Ablyayev, V. V. Generalova, Alomnaya Energiya 8, 
264 (1960)]} 


Intermediate A review of the maximum permissible dose for the 
Neutron Dosage intermediate-energy neutrons (0.2 ev-l1 Mev) con- 
cludes that the absorbed dose per neutron for neutrons 
of these energies is 2—4 times that for thermal neutrons. From computations of 
the average dose vs. neutron energy for a 30-cm layer of tissue, the authors recom- 
mend a maximum permissible flux of 680 neutrons/cm?/sec for a 6-hr working day 
for intermediate-energy neutrons as opposed to a permissible flux of 1,650-2,600 
thermal neutrons/cm?/sec. They point out that, because intermediate neutrons 
are not easy to detect, they are often not taken into account in dosimetry, although 
they may constitute a substantial part of the total flux and cause more biological 
damage per neutron than thermal neutrons. Of the various methods of neutron 
‘ detection available, slow-neutron detectors made of gold, B'® or U*** and screened 
by a cadmium or boron layer are considered to be the only ones acceptable for 
measuring intermediate-neutron fluxes. The authors observe that at the present 
time there is no acceptable method for observing simultaneously all the important 
parts of the spectrum. The long counter described by Nobles and Smith may be 
a possible solution (NU, Jan. ’56, 60). [A. G. Istomina, I. B. Keirim-Markus, 
Atomnaya Energiya 8, 239 (1960)] 


December, 1960 - NUCLEONICS 





PRODUCTS AND MATERIALS 


NUCLEONICS’ Quarterly Survey of New Labeled Compounds 








Supplie 7 


Abbott Labs 

P. O. Box 1008 

Oak Ridge, Tenn 

Isotopes Specialties Co. 

Div. of Nuclear Corp. of 
America 

P. O. Box 688 

Burbank, Calif. 


Merck & Co Ltd 
560 De Courcelle St 


Montreal, Canada 


New England Nuclear Corp. 


575 Albany St 


Boston 18, Mass 


N Di Nuclear 
tadiochemical Centre 
Amersham 


Buckinghamshire, England 


tadiochemical Centre 
Amersham 
Buckinghamshire, England 


Schwarz BioResearch, Inc. 
230 Washington St. 
Mount Vernon, 2 


Twentieth Century Elec- 
tronics Ltd. 
Croydon, Surrey, England 


S. Nuclear Corp 
0. Box 208 
urbank, Calif 


Volk Radiochemical Co 
5412 N. Clark St 
Chicago 40, Ill 


* Costs on request 


Compounds 


deuterium oxide, D.O 
tritiated water, H®,0 


sebacic acid-C™ 
dl-valine-1-C' 
cellulose 
d-sucrose-UL-C'* 


urea 


a-hydroxystearie acid-C'* 
sodium hexanoate-1-C' 


mevalanie acid-1-<C™ dbed salt 


pyridine-d; 98%-D 


methylamine-N'* HCl (95% N?*5) 


ethylenediaminetetraacetic-2-C' 


isonicotinic-7-C™ acid 
malonamide-1-C'* 
benzoic acid-H* 


triethylenethiophosphoramide-P* 


butane-1-thio-S* 
di-n-buty] disulphide-S* 
di-n-butyl sulphide-S** 
3:4-benzpyrene-T 

methyl p-aminobenzoate-T 


butane-1-thiol-S** 
di-n-butyl disulphide-S* 
di-n-butyl sulphide-S** 
3:4-benzpyrene-T 

methyl p-aminobenzoate-T 


tritiated deoxycytidine 


boron-10 (elemental in suspen- 


sion of white spirit) 


dotriacontane-16 or 17-C** 


bisazoisobutyronitrile-CN-C"* 


nitromethane-C™ 
styrene-T 
polystyrene-T 


iodine-131 (elemental, solvent- 


free) 
iodine monochloride-I"*! 
(chloroform solution) 
glycine-2-T 


Specific 
activity Price 


(mc/mM) (8&/me) 


5 me/gm 


1.6 250 
5.8 350 


31 me/gm 250 


43.9 250 
YO] 125/100 mg 


l 1,200 

1 150 

l 950 
175/5 gm 
500/gm 


500 

375 

500 
150/25 me 
500/ist me 


20/add. me 


SO 


1 c/gm 
1 ¢/gm 


1-100 4190/5 me 
1-100 


150 145/5 me 
480/25 me 





Glass Scintillator 
Scintillator GS 1 


Decay 


Re sponse to Cs 


is lithium alkaline- 
earth silicate glass activated by cerium. 
¢ 10° 
gammas is 15% that 


time is 1077-5 X 


of sodium iodide; 


alpha/beta ratio is 


21%; pulse height per unit energy for 


thermal 
electrons. 
sec. 
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neutrons 

Disks up to 114-in. diame- 
ter and 3¢-in. thick are now available 
as rough blanks or with ground or 


is 31% that for 


polished faces; filaments, rods and 
larger blocks will soon be available.— 
Nash and Thompson Ltd., Hook Rise, 
Tolworth, Surrey, England. 


Thermocouple Adapter 


New adapter converts small-diameter 
tubular thermocouples to spring-loaded 
types with immersion lengths adjusta- 
ble from a l-in. minimum. Adapter 
is constructed of stainless steel with a 
nickel-plated brass compression fitting 
and a brass ferrule (gives perma- 
nent immersion setting) or a nylon 
ferrule (allows adjustment of immer- 
sion length)._-Thermo Electric Co., 
Inc., Saddle Brook, N. J. 


Preflush Flow Counters 


Stainless-steel preflush flow counters 
(above) come in 1-in. or 2-in. sample 
sizes. Sample is introduced to a 
preflush chamber to eliminate purg- 
ing entire counter. Beta proportional 
plateau is 200 volts; slope 2%/100 
volts. Counting chamber can be re- 
moved and used for window counting.— 
Instrument and Development Products 
Co., Inc., 355 W. 109th PI., Chicago, 
Til. 


200-channel Analyzer 


Dual-input transistor 200—channel spec- 
trometer (above) featuring differential 
data accumulation adds, subtracts or 
separates data during accumulation 
process. Tullamore Model ST-200D 
contains 200-channel linear selection 
magnetic-core memory, decimal ad- 
dress and storage, 10° counts/channel 
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and provision for 400 channels of 
memory. Spectrometer built-in 
neon-type digital indicators for parallel] 
readout of both address and count 
data. Equipment can be ordered with 
either parallel output to printer or serial 
output to IBM typewriter.—Victoreen 
Instrument Co., 5806 Hough Ave., 
Cleveland, Ohio. 


has 


High-Volume Air Sampler 


Weighing only 31% lb, Unico Model 
No. 300 high-volume air sampler is 
made of high-impact styrene with end 
mounts of aluminum. Filter holder is 
a one-piece ring; paper is sealed by an 
O-ring attached to body of pump. 
Variable orifice measures flow rates. 
—Union Industrial Equipment Corp., 
Port Chester, N. Y. 


High-Temp. Thermocouple Wire 


Thermocoax, a high-temperature ther- 
mocouple wire can be used in nuclear 


reactors from 200° to 1300° C. Itis 
ivailable in lengths up to 650 ft and 
sheath diameters of as low as 0.013 in. 
Thermocoax consists of Chromel and 
Alumel contained in an 
Inconel insulated by 
Thermo- 


conductors 
sheath and 
powdered magnesium oxide. 
couple is made by stripping off section 
of sheath and welding two exposed 
Wire has sensitivity of 
of +28° C 


conductors. 
11 pv/°C and accuracy 
from 0° to 350° C and +0.75% from 
350° to 1300° C.—Amperex Electronic 
Corp., 230 Duffy Ave., Hicksville, 
N. Y. 


Radiation Monitor 


Model RM-3, used for 
beta and gamma radiation, has ranges 
of 0-500, 0-5000, and 0-50,000 cpm. 
time is 6 sec for 90% of 
full-scale reading. A model HP-177 
hand probe with Victoreen 1B85 geiger 
tube is the detector. Monitor requires 
115 Eberline Instrument 
Corp., 279, Santa Fe, N. M. 


ame 


measuring 


> 
Response 


volts a-c 
P.O 30x 


Reactor Control Materials from Powder 


‘. 
re 


ae 


Powder metallurgy technique called 
Sinterwrought process produces two 
reactor control materials, Bo—Stan and 
Binal (above). Bo-Stan is a high- 
temperature uniform dispersion of 
boron in stainless steel. Binal, a 
highly ductile’ boron/aluminum com- 
posite, is ideal for lower-temperature 
nuclear uses. It is flexible and can be 
fabricated into countless forms. Solid- 
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state 
older techniques: 


had advantages over 
after sintering and 
hot-working, composite is as dense, 


process 


ductile and strong as a cast alloy of 
same composition; blending technique 
eliminates boron segregation; micro- 
structure can be controlled; material 
has high tolerance.—Sintercast Divi- 
sion, Chromalloy Corp., 132 Wood- 
worth Ave., Yonkers 2, N. Y. 


Manual Sample Changer 


Model MSC-1 (above), which includes 
detector and preamplifier as part of the 
shield, is a gas-flow counter containing 
gas-flow and -flush control and positive 
flow for counting 
soft betas, it can also count alphas even 
To reduce 
chamber contamination or vapor trans- 


meter. Designed 


in the presence of betas. 


mission, a rubber hydrochloride win- 
dow (0.45 mg/cm?) can be installed. 

Technical Associates, 140 W. Provi- 
dencia Ave., Burbank, Calif. 


Water Monitor 


Landis & Gyr Water Monitor sensi- 
tive to 5 & 10-8 uc/em’, checks ra- 
after 
Installation 


dioactivity concentration by 
consists of 
Detec- 


tor contains scintillation counters and 


evaporation. 
detector and measuring unit. 
Measuring 


devices for evaporation. 


unit, contained in a 19-in. case, in- 
cludes rack-mounted ratemeters, high- 
supply and 
Standard monitors contain- 


voltage supply, power 
recorder. 
ing a beta counter and an alpha counter 
added. Measuring delay is 
6 hr.—Landis & Gyr, Inc., 45 W. 45 St., 


New York 36, N. Y. 


can be 


Ceramic-Metal Material 


Nucerite, a high-temperature, corro- 
sion-resistant ceramic-metal composite, 
has unique properties that result from 
closely controlled nucleation and crys- 
tallization with a ceramic formulation. 
Controlled high-temperature _ firings 
chemically and physically bond Nu- 
Nucerite has great 
impact strength, corrosion resistance 
(resists vapor attack at 
1,200° F, see above), tensile strength 
(resists 85,000 psi), high-temperature 
stability (resists 1,600° F for five 
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cerite to metals. 


corrosive 
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TRIGA Mark-F now in operation at General Atomic. 


The TRIGA Mark-F Pulsing Reactor 


General Atomic Division of General Dynamics Corporation is 
pleased to announce a new addition to its TRIGA family of 
reactors—the TRIGA Mark-F Pulsing Reactor. 


The TRIGA Mark-F, developed by General Atomic, is especially 
designed to yield short reproducible pulses of neutrons and gamma 
rays for use in nuclear effects research and testing. Itiscapable _, 


4 











4 4 
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T 
of being pulsed repetitively to peak power levels of over 2,000,000 MILLISECONDS 


kilowatts with half-maximum pulse widths of 10 msec, owing to the 
inherent characteristics of the TRIGA reactor’s unique uranium- 
zirconium hydride fuel elements. During pulsed operation, a maximum 
flux of 6 x 10°* neutrons/cm?-sec. can be achieved. The Mark-F 
design permits variation of neutron to gamma dose ratios 

by a factor of ten and provides for a large, easily accessible exposure 
window immediately adjacent to the core. 


A prototype of the TRIGA Mark-F was placed in operation the 
summer of 1960, and construction of two such reactors will be 
completed in 1961 for the United States Government, including one 
for the U.S. Army’s Diamond Ordnance Fuze Laboratories. Other 
versions of the TRIGA include the TRIGA Mark I and Mark II 
reactors—for training, research and isotope production—which are 
now in use, or soon will be, on five of the six continents. 


For more information on the TRIGA Mark-F, write to: 
TRIGA Applications Group, General Atomic, 
P.O. Box 608, San Diego 12, California 


Openings for qualified scientists and engineers. 


Write: Manager of Personnel, General Atomic. 
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ELECTRONICS AND 
NUCLEONICS 
DICTIONARY 


Just Published. Here are def- 
initions of over 13,000 terms 
—accurately and clearly de- 
fined, ranging from television 
to avionics, from nuclear en- 
neering to space electronics. 
eh synonyms, deprecated 
terms, and obsolete terms— 
covers pelling, hyphenation, 
and abbreviations. By Nel- 
son M. Cooke, Cooke 
Co.; and ao *. Mc- 
Graw-Hill Over 
13,000 terms, Bose illus. and 
diagrams. .00 


ONY SHNOMLIT 


RADIATION HYGIENE 
HANDBOOK 


Brings together the essential facts on problems 
of radiation and its control. Gives technical data 
and practical methods needed to control the en- 
vironment of workers, equipment, and materials 
—and also keep the public safe from the damag- 
ing effects of radiation. This book equips you 
to deal safely with radiation regardless of your 
background in the field. It provides a_ vast 
array of information on exposure standards, 
sources of radiation, waste disposal, air and water 
pollution control, physiological effects of radia- 
tion, tables, a eeneral data, Ipful glossary, etc 
Edited by Hanson Blatz lation ee 
City of N. Y. 269 illus., bs. ‘tables, $27.50 


PROPULSION SYSTEMS 
for SPACE FLIGHT 


a comprehensive view of the design 
development, and operation of reaction engines 
for use in outer space. The book surveys the 
entire field from turbojets to photon-propulsion, | 
stressing the more advanced types of engines. In 
addition, it describes modern developments in ion 
propulsion, plasma drives, nuclear propulsion, 
chemical rockets, 
research. The book also provides a realistic pic- 
ture of the space environment in which such craft 
will travel and the ae which must be over- 
come. By William rliss, The 
pany. 312 pp., 149 illus., $10.00 


Here is 


The blunt truth about what auto- 
mation is doing to our economic 
system and how it affects our 
I'wo experts analyze the situation and discuss the 
needs and possibilities for change in our technical 
and organizational policies, A startling, thought 
provoking book by G. Steele, and P. Kirche: 
$4.95 


Automation and the Cold War 


“=""SEE THESE BOOKS 10 DAYS FREE™ =") 


McGraw-Hill Book Co., Dept. NU-12 
327 W. 4st St., N. Y. C. 36 

Send me book(s) checked below for 10 days’ 
examination on approval. In i0 days I will 
remit for book(s) I keep, plus few cents for 
delivery costs, and return unwanted book(s) 
postpaid. (We pay delivery costs if you 


(0 Cooke & ag sf Elec. & Nucleonics 
Dictionary, $12. 
Blatz—Radiation liv, iene Hdbk., $27.50 


Propulsion for Space 


$10.00 


Systems 


Flight, 
Oo ~— & Kircher—The Crisis We Face, 
4.95 


(Pelne ) 


Address 


Position 


For a price and terms outside U.S 
write McGraw-Hill Int’l., NYC. 
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minutes), thermal shock resistance and 
abrasion resistance.—Pfaudler Permu- 
tit Inc., Rochester 3, N. Y. 


Flexible Shaft Assembly 


Circle Ess standard flexible shafts 
have monodirectional type cable for 


| motor-driven applications and bidirec- 


tional type cable for hand-operated 
control applications. Each type of 
standard assembly has several end 
fitting combinations on either end of 
flexible shaft assembly.—F. W. Stewart 
Corp., 4311-13 N. Ravenswood Ave., 
Chicago 13, Ill. 


Transistor Beta-gamma Switch 


|BN 131 for industrial- 
control applications, operates in con- 
junction with a beta or gamma radio- 
Output of G-M tube-is 
integrated and operates a 12-volt relay 
circuit. Circuit can operate at very 
low radiation levels—thus reducing 
| health hazards —Burndept Ltd., Erith, 
| Kent, England 


switch, used 


active source. 


Wide-Range Phototubes 


FW series of biplanar photodiodes 
provides close coupling to flat face of 
tube, range and small 
size (above linear from 
10-*-25 amp. appropriate 
scintillator makes FW 
qualitative as 
quantitative detection of 
burst radiation. Units in 
series range from 114-in. diameter and 
11¢-in. length to 7-in. diameter and 
3-in. length. In 2}4-in. unit dark cur- 
rent output is ~10-* amp with anode 
at 2500 volts.—ITT Laboratories, 3703 
FE. Pontiac St., Fort Wayne, Ind. 


wide dynamic 
Series is 
Use of 
phosphors 
suitable for 


d 


Quick-change Dry-box Gloves 


(above), 
and 
Sureseal, allow glove replacement with- 
Inter- 
locking ring and groove systems enable 
gloves without 
removing sleeve from dry box. Sleeves 
27-in. and 30-in. 
with 5-in. or 8-in. 

Rubber Co., Car- 


gloves 
neoprene 


Sure-Lock dry-box 
available in rubber, 
out disposing of costly sleeves. 


operator to change 
and gloves come in 
lengths 

openings.—Surety 
rollton, Ohio. 


over-all 


Hook-up Lead Wire 


BB-1000 hook up lead wire, with insu- 
lation formed of inorganic materials, 
affected by high- 
intensity nuclear radiation. Since BB- 
1000 does not carbonaceous, 
conducting or embrittled at elevated 
temperatures, it offers continuous serv- 
ice at 1000° F, intermittent service 
up to 1800° F, and braid and fiberous 
insulation withstand 2000° F. Abra- 
resistance is Conductor 
is stranded stainless-steel-clad copper 
with wall of fused quartz.—Birnback 
Radio Co., Inc., 145 Hudson St., 
New York 13, N. Y 


is not adversely 


become 


sion good. 


Amplifier, Discriminator 


N-371 linear nonoverload amplifier 
with integral discriminator, designed 
for scintillation or proportional count- 
ing, enables counting with minimum of 
recalibration. Aniplifier has a gain of 
7000, linearity of better than 0.2%, 
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4-100 volts, hum and noise less than 
0.5 volts peak to peak at max. gain. 
Discriminator has range of 3-100 volts 
by 10 turn helipot, linearity of 0.5%, 
resolving time better than 1 psec.— 
Hamner Electronics Co., Inc., P.O. 
Box 531, Princeton, N. J. 


Radiation Survey Kit 


Compact case (above) contains Radia- 
tion Survey Meter H-1323 (4 ranges, 


20 ur/h to 200 mr/hr and two time 


Electron Beam Welding Facility 


Electron beam welding facility (above, 
left) has a stainless steel welding cham- 
ber (above, right), a high-voltage power 
supply and an electrical and electronic 
Two electron guns 
welding of foil gages and also 
heavy Larger gun has 
maximum output of 7!¢ kw which 
results in 300 ma at 25,000 v. Re- 
motely operated gun positioning mech- 


control system. 
enable 


materials. 


anism enables gun to be moved around 
chamber to permit welding various 
configurations. Gun can be positioned 
while the chamber is under vacuum and 
even during welding. Two work-han- 
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constants) or Radiation Rate Meter 
H-1326 (3 ranges, 0.2 to 200 imp/sec), 
standard probe including 2 G-M 
counter tubes, alpha G-M tube probe, 
beta G-M tube probe, liquid G-M tube 
probe, adjustable visible and audible 
warning attachment, headphone and a 
spare set of batteries. Instruments are 
transistorized.—Radiation Recording 
Instruments, P.O. Box 1056, Stn, B, 
Montreal 2, Canada. 


Refueling Machine 


34,000-lb rotary manipulator removes 
32 fuel elements in 250-ton reactor of 
N. 8. Savannah. By rotating two 
rings, guide tube suspended from the 
inner ring can be replaced without 
creating openings through which radia- 
tion can escape.—Bethlehem Foundry 
and Machine Co., Bethlehem, Pa. 


In-Reactor Creep Monitor 


In-Reactor Creep Monitor measures 
remotely creep or growth of metals 
inside reactors. Apparatus reads tem- 
perature, creep and stress-strain data 
and presents information in digital 
form.—Technical Industries Corp., 389 
N. Fair Oaks Ave., Pasadena, Calif. 


dling fixtures are provided. The first, 
a longitudinal welding fixture, is fitted 
with an 87%-in. wide X 14-in. long ma- 
chined flat platen which is powered by 
an electric motor through a speed con- 
trol. It can be replaced with a rotating 
chuck which can hold a. 5-in. dia. X 
12-in. long maximum cylinder for cir- 
cumferential welding. Operating 
chamber pressure is 1 X 10-° mm Hg; 
thus the system is uniquely suited for 
welding refractory metals, highly oxi- 
dizable metals, vacuum melted alloys 
and Hastelloys.—Sciaky Bros., Inc., 
4915 W. 67th St., Chicago 38, IIl. 


LITERATURE AVAILABLE 


Aluminum Alloy Hard Coatings. 6. pp.; 
Sanford Aluminum Processing Co., 
1330 W. Fulton St., Chicago 7, Ill. 


All Types of Air-Control Valves. Bul- 
letin 234-B, 12 pp.; Hannifin Co., 
Des Plaines, Ill. 


Design & Custom Fabrication of 
Special Process Equipment. Cata- 
log section 30, 6 pp.; Rolock 
Inc., 1350 Kings Highway, Fairfield, 
Conn. 


Pressure Piping for Nuclear Service. 
3 pp.; Sandusky Foundry & Ma- 
chine Co., Sandusky, Ohio. 


Boiler Water Level Controls. Catalog 
section 3, 16 pp.; Magnetrol, Inc., 
2110 S. Marshall Blvd., Chicago 23, 
Ill. 


Beryi'ium Tubing. Data Memoran- 
dum No. 26., Superior Tube Co., 
1552 Gremantown Ave., Norristown, 
Penna. 


24 pp.; 
Florham 


Automatic Transfer Switches. 
Automatic Switch Co., 
Park, N. J. 


Data Processing Instrumentation. 4 
pp.; Midwestern Instruments, 41st 
& Sheridan, Tulsa, Okla. 


Power Piping Field Erection. 12 pp.; 
M. W. Kellogg Co., 711 Third Ave., 
New York 17, N. Y. 


Thermocouple Wire. Catalog 
G-100-2, 16 pp.; Minneapolis-Honey- 


well Regulator Co., Wayne and 
Windrim Ave., Philadelphia 44, 
Penna. 


Thermocouples & Thermocouple As- 
semblies. Bulletin TT-306, 6 pp.; 
Trinity Equipment Corp., Court- 
land, N. Y. 


Laboratory Mass Spectrometer. 
Bulletin 21130, 6 pp.; Consolidated 
Electrodynamics, 360 Sierra Madre 
Villa, Pasadena, Calif. 


Graphite for Diversified Applications. 
12 pp.; Great Lakes Carbon Corp., 
18 E. 48th St., New York 17, N. Y. 


Controlled Atmosphere Systems. 
Bulletin 2-360-5M, 4 pp.; Kewaunee 
Scientific Equipment, Adrian, Mich. 
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Nuclear Fuel Elements 


Edited by HENRY H. HAUSNER and JAMES F. 
SCHUMAR (Reinhold Publishing Corp., New York, 
1959, xi + 409 pages, $12.50) 

This book contains the 19 papers pre- 
sented at the symposium on reactor fuel 
elements held at Columbia University 
1959, together with the 
specifications for the UQO.-ss cermet 
plate-type fuel elements used in the 
APPR-1, an added bibliography listing 
194 references on fuel elements, and a 


in January 


paper describing a process developed at 
ANL for making a simple cermet fuel 
intended for low-power research 
reactors 

Two chapters cover crystal-ball fuel 
elements of the future (they’ll be solid, 
cheaper, standardized, ceramic except 
maybe unclad and 
One chapter 


for special 


cases 
may be thermoelectric). 
considers the design of economical fuel 
elements; another discusses the aqueous 
aluminum, zir- 
steel: 
effects on 


corrosion of uranium 
another 
touches fuel. 
Most of the other chapters describe 
particular fuel elements, types of fuel, 


conium and stainless 


radiation 


materials and the highlights of fabrica- 
These range from fuel 
plu- 
tonium and thorium and their alloys, 


tion processes 


elements containing uranium, 
through plate-type and tubular cermets 
U-ZrH for Triga, to five 
chapters on ceramic fuels, including 


rods 


those for high-temperature reactors. 
The subject matter includes experience 
but British 
briefly; two 


primarily in the U. &., 
work 
chapters give an 
description of French work. 

The book gives little attention to the 
fuel ele- 


described 


also is 


excellent technical 


common uranium-aluminum 


ments (perhaps because they are 


covered well elsewhere) or to specific 
attainable, 


factors, tolerances 


capabilities of inspection techniques or 


cost 


fuel development techniques as such. 
Any book written by 26 authors is 
bound to have a variety of approach, 
scope and depth—and this volume is 
It is not sufficiently 
consistent in approach to serve as a 


no exception. 


text and is not complete enough to be 
a design refe book. It will be 
helpful as a reference to information on 
Over- 


ence 


general properties or processes. 
all, it will provide useful background 
reactor and 
operators, materials processors and fuel 


reading for designers 


fabricators 


JJID 


Chemistry of Nuclear Power 


By J. K. DAWSON and G. LONG (Philo- 
sophical Library Inc., New York, 1959, vi + 208 
pages, $10.00) 


As the title implies, this book by two 
researchers in the chemistry division at 
Harwell looks at things from the chem- 
ist’s point of view. Itserves admirably 
in giving “conventional” chemists a 
general introduction to the role their 
“nuclear” contemporaries play in the 
reactor field. 

Introductory chapters deal with: (a) 
the role of the chemist in the nuclear 
industry (and, conversely, the impact 
of nuclear developments on chemical 
techniques, particularly in Britain), (b) 
processing of uranium, thorium, graph- 
ite and heavy water, (c) the fission 
and (d) the 
Three chapters in- 


process and products, 
actinide elements. 
terestingly describe features and mate- 
rials problems of various types of reac- 
tors, including fused-salt systems. One 
chapter describes typical hot-ceil ar- 
radioactive 


rangements for handling 


materials. Another describes the aque- 
ous, volatilization and pyrometallurgi- 
cal processes for separating fission 
from fuel. Present 


products spent 


methods and new developments in 
waste disposal also are considered. 
The final chapter is particularly in- 
teresting since it discusses radiation- 
induced chemical reactions, reactors for 
heat for direct 


synthesis of nitric acid, ammonia, hy- 


process and reactors 


drazine and hydrogen—including ex- 


periments conducted with Harwell’s 
BEPO reactor. 

This book gives a broad view of 
established chemical practice and 
Its prime 


emphasis is on British work, which 


trends in the nuclear field. 


tends to restrict its scope somewhat, 
but this also gives it a point of view 
that is interesting to chemists in other 
lands. The general scarcity of refer- 
ences limits the depth of direct use to 
which the book can be put. Neverthe- 
the their 
stated purpose lucidly in an interesting, 


JJD 


less, authors accomplish 


easy to read volume 
In the Sept mber issue of 


listed ‘Sixth Hot 
Equipment Con- 


Correction. 
NUCLEONICS we 

Laboratories and 
(TID-7556 
ings of the March 
TID-7556 is in fact the supplement to 


as the proceed- 


1958 


ference “4 
meeting 


the proceedings. 
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INDUSTRY NOTES 





NEW BUSINESS. Five contracts to 
produce welding fittings and fabricated 
assemblies for atomic installations for 
the U. 8. Navy 
Midwest Piping Co. nuclear div. Or- 
ders total $700,000 and include welding 
elbows and special fabricated piping in 


have been awarded to 


stainless steel and Inconel for use in 


Naval nuclear power plants and their 


@ AEC has contracted with Petrolomics 
rchase uranium concentrate 

ore developed in the 

in area in Wyoming. Sales 

1zmount to 3,158,750 lb at 
it $8/lb from April 1962 
until Decembe1 Sales of 1,024,- 
permitted prior to March 


665.000 Ib/vr 
1966. 
0GO Ib 


106° 


@ Michigan Chemical Corp. has ac- 
quired from AEC the rare-earth ion- 


facilities within its St. Louis, 
plant area following AEC’s 


exchange 
Michigan 
recent declaration the plant was surplus. 


@Convair’s Fort Worth Div. has re- 
eived from the Army contracts ex- 
eding $1-million to fabricate radi- 

hielding for crews of combat 
After preliminary studies, a 


ype compartment will be built. 


@Nuclear Materials and Equipment 
Corp., NUMEC, of Apollo, Pa., will 
serve as technical consultant and train- 
ing and procurement agency in the U.S. 
for Israel’s AEC. NUMEC will train 
scientists in its laboratories and advise 
ernment on technical prob- 


‘ms related to 


Israel’s gov 
nuclear reactor tech- 
nology for the five year contract. 


@ Lockheed Nuclear Products branch 
it Atlanta, Ga., has been awarded a 
$404,000 contract by NASA (National 
Aeronautics and Space Administration) 
reactor to be used for 
ritical experiments at NASA’s Plum 
facilities near Sandusky, Ohio. 


ior a LOW-powe T 


Brook 


@ Nuclear Corp. of America has set up 
an office at 1025 Connecticut Ave., 
N. W., Washington, D. C. 


n Engineering of Windsor, 
awarded to Mallinckrodt 
contract for 1,050 
of uranium oxide pellets for NUSU 
NUclear SUperheat) critical experi- 
ments and 3,300 lb of UQz: pellets for 
BONUS (BOiling NUclear Superheat) 


@® Combusti 
Conn has 


Nuclear Div. 
b 
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reactor being built at Punta Jiguero, 


Puerto Rico. 


@Nuclear-Chem Disposal Corp. of 
Valley Stream, L. I., N. Y., has been 
granted a license by AEC to receive, 
package and store waste by-products 
and source materials and to transfer 
this material to designated land burial 
sites. AEC’s 
after no formal hearing was requested. 


authorization followed 


@ Budd Co. has received a $23,400 con- 
tract for Walter Reed’s small cobalt-60 
irradiator for the Medical Center’s re- 
search program on chemicals to inhibit 
radiation effects on man. Budd was 
fourth in the bidding behind U. 8. Nu- 
clear Corp., Atomic Energy of Canada 
Ltd., and National Lead. 


NEW FIRMS. Geophysics Corp. of 
America has established a Physics Sys- 
tem Div. in San Diego, Calif. to study 
application of advanced physical princi- 
ples to areas such as nuclear propulsion. 
Advanced planning calls for study in 
the field of plasma, molecular, micro- 
wave, solid-state and nuclear physics. 


@Hazleton-Nuclear Science Corp. of 
Falto Alto, Calif., has been formed by 


Nuclear Science and Engineering Corp., | 


Pittsburgh; Hazleton Laboratories, 
Falls Church, Va.; and Small Business 
Investment Corp., San 
The new company took over Hazleton’s 


Francisco. 


Western Div. Laboratories in October | 


and provides NSEC with West coast 
facilities for the first time, Hazleton 


with nuclear capability, and West 


coast facilities with nuclear and non- | 


nuclear services. 


@ Tennelec Instrument Co., Oak Ridge, 


has been formed by Edward Fairstein, 
formerly a partner in FairPort Instru- 
A low-noise preamplifier for 
silicon detectors is 
marketing. 


ACQUISITION. 


ments. 
ready now for 


change of shares. Involved in the 
transaction was a contract with the city 
of Mechlen for land and financing for a 
new plant under Belgium’s 1959 eco- 
nomic development program. Tracer- 
lab will now manufacture its line of 
products for Europe’s common market 
using Physique Industrielle’s 
force and expects to triple its sales 
next year. 


sales 





Tracerlab Inc. ac- | 
quired Physique Industrielle, 8. A., a | 
Belgian electronics firm for an ex- 


SYLCOR 
‘has produced 
more than 


9000 


FUEL ELEMENTS 


for 5 Reactors 
BAL 


SYLCOR’s 
Know How w ith 


Aluminum 
Stainless Steel 
& Zirconium Alloys 


PLUS 
SYLCOR’s 
Experience with 


Alloy & Ceramet 
MUM EMGEEIS 


od On SE 


SYLCOR’s 
Design Knowledge 


EQUALS 


PRECISION COMPONENTS 
at COMPETITIVE PRICES 
SYLVANIA- 
CORNING 
NUCLEAR Corp. 


| 











Is That Not 
A Grizzly Bear? 


. . « No! It’s our News team 
in Greenland plowing their 
way from Camp Century with 
another exclusive story for 
NUCLEONICS WEEK. 


@ The economics of package 
power plants for the 
military... 


@ Early operating experience 
of PM-2A plant at Camp 
Century... 


@ Future prospects for nuclear 
power in polar regions... 


These stories, carried exclusively 
in NUCLEONICS WEEK, are typical 
of the output of McGraw-Hill’s 
200-man world-wide news force 
—ready to serve you through 
NUCLEONICS WEEK. 


Make a date this week with... 


NUCLEONICS 


330 WEST 42nd ST., 
NEW YORK 36, N.Y. 


WEEK 











NEWSMAKERS 


Allen D. McKnight, C.B.E. of Australia, 

was elected chairman of the Board of 

Governors of the 

International 

Atomic Energy 

Agency at the 

fourth session of the 

General Conference 

in Vienna. He will 

serve until 1961. 

His previous posts 

have included that 

McKnight of Secretary, De- 

partment of Army; Lecturer in Law and 

Member of the Council of Canberra 

University College. He was governor 

for Australia on the IAEA’s Board of 
Governors in 1959. 


Samuel Untermyer Il, consultant at 
General Electric’s Vallecitos Atomic 
Laboratory in Pleasanton, Calif., has 
been issued, GE said, the ‘“ broadest 
patent granted to date on _ boiling- 
water-reactor design and operation.” 
He pioneered development work on 
this reactor type for AEC’s Argonne 
National Laboratory, and, since joining 
GE, the dual-cycle boiling water re- 
actor concept, now used at Common- 
wealth Edison’s Dresden station. The 
patent is currently pending. 


Controls for Radiation, Inc., has named 
Michael J. Donnelly to head its reactor 
chemistry department to carry out 
radiochemical analytical projects re- 
lated to the Naval reactor program and 
private nuclear facilities; and R. H. 
Sanders has been named senior biolo- 
gist in the radiation biology depart- 
ment for projects relating 
to biological effectiveness of cosmic 


research 
radiation. 


Nuclear Enterprises Ltd, of Winnipeg, 
Canada, has appointed Edward A. 
Speers as general manager of the 
company’s operation. He represented 
the company in Europe, U. §., and 
Mexico before assuming this post. 

In organizational changes at Oak 
Ridge National Laboratory, H. G. 
MacPherson named associate 
laboratory director for reactor pro- 
grams. Robert A. Charpie, assistant 
director of ORNL, was named director 
of a new Reactor div. which merges 
REED (Reactor Experimental Engi- 
neering Div.) and RPD (Reactor 
Project Div.). C. E: Winters will be 
acting deputy director. In a second 


was 


reorganization, A. H. Snell was named 
director of a new Thermonuclear div 
which results from the dissolving of the 
Thermonuclear Project and Thermo- 
nuclear Experimental divisions. €. D. 
Shipley will be deputy director. 


Earl A. Long, a leading authority on 
low-temperature physics, joined the 

General Atomic Di- 

vision of General 
Dynamics as assist- 
ant director of the 
John Jay Hopkins 
Laboratory. He 
was professor of 
chemistry at the 
University of Chi- 
cago and director 
of its Institute for 
For several years he 


Long 


Study of Metals. 
has been consultant at General Atomic 
on reactor-core-materials research and 


development. 


Philip N. Ross has been elected a vice- 
Westinghouse Electric 
Corp. He 
general manager of 
Bettis atomic power 
laboratory, oper- 
ated by Westing- 
house for AEC, and 
the 
development of 


president of 
was 


a pioneer in 


atomic reactors for 
power uses. He 
holds the Westing- 
house Order of Merit, the 


honor conferred on employees, for his 


Ross 


highest 


contributions in developing a nuclear 
core and control-rod drive mechanisms 
for Shippingport. 


William S. Stringham has been named 
to supervise The Martin Company’s 
activities at Quehanna, Pa., where ad- 
vanced development of isotopic power 
is planned. Prior to this appoint- 

worked for the Goodyear 
Corp. 
and 


ment, he 
Atomic 
procedures 
standards at Goodyear’s uranium proc- 
essing complex at Portsmouth, Ohio. 


developing sampling 


establishing quality 


Electric Pr. 
Reinker general manager of its Han- 
ford Chemical Processing dept. effec- 
tive Dec. 1. He succeeds W. K. Mac- 
Cready who has resigned to devote 
his time to private interests. Reinker 
comes from GE’s Engineering Services 


General has named 


at Schenectady where he was a research 
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analyst after leaving Hanford in 1958. 
John W. Healy has been appointed 


consultant-technological hazards for 3 
Sra Simn (Cae 


Oscar W. Bilharz, Jr., has joined the 
reactor physics staff at Knolls Atomic 

Power Laboratory’s Submarine Ad- N U C [ E A W R t Q U | R FM E N TS 
vance Reactor (SAR) project, and 
Robert M. Cohen has been named 


manager of superheat reactor physics 
at GE’s Atomic Power Equipment TH 7 0 U 5 ue 0 UT T a i" WQ R LD 
dept. (APED). 


Nuclear Corp. of America has named 
Elmo J. Di lanni, formerly of the Naval 
Material Laboratory, manager of engi- 
neering for its Instrument and Re- 


The uniformly high quality of GLC graphite for 
nuclear applications has been proved out in ther- 
mal columns and reflectors in operation through- 
search div. Di Ianni directed r & 4 out the world, as well as sub-critical assemblies 
in nuclear radiation detection systems, installed in Universities in the United States. 


monitoring procedures for nuclear ee i We are equipped and staffed to supply superior 

powered vessels, atomic bomb field oes : ee graphite promptly and economically for nuclear 

testing a specialized radioactive applications of all kinds. Our facilities for expe- 

sources at NML. gover diting both domestic and overseas shipments are 
> 

Milton Jennis has joined the Cross- © see S excellent. 

Malaker Laboratories of Mountainside, You may find it advantageous to extend to us 

N. J., as project director. The labora- the opportunity of quoting on your nuclear graph- 

tory is engaged in research and develop- ite requirements. 

ment activities in the field of atomic 

energy, electronics, propulsion, and LAKE 

eryogenics. Jennis was formerly man- GREAT S CARBON CORPORATION 

ager of Manufacturing Engineering of | 18 east 48TH STREET, NEW YORK 17, N.Y. OFFICES IN PRINCIPAL CITIES 

W. L. Maxson Corp. of Old Forge, Pa. aoe 








Willard F. Libby, former AEC com- 
missioner, has won the 1960 Nobel 
Prize in chemistry for his discovery of 


pia naye any __ SCINTILLATORS 


C. Rogers McCullough, former chair- 
man of AEC’s committee on reactor TYPICAL GAMMA RAY SPECTRUM 

nietieatin. tne inteal Vee Utilit > ©Clear boron-containing organic 
= eguar 8, nas goanes Nuciear UtIIty sw cette berendeamate a glass with ZnS (Ag) dispersion 
Services, Inc., as director of reactor 7) = for fast and slow neutron de- 
safeguards and as scientific advisor to ate 

the board of directors. NUS provides EE © Loaded liquid scintiliators, 
consultant services for electric utility 


companies planning and operating ; § ~ © Proton recoil liquid and plastic 
ae units. 


Neutron Detectors 





nuclear power plants. 
. © Pulse shape discrimination liquid 
Harold E. Thayer has been appointed iP and plastic units. 


president of Mallinckrodt Chemical 
Co., St. Louis, and succeeds retiring 
president Joseph Fistere who will 
remain on the company’s board and 





Gamma Deiectors 
© Flow type, well plastics, and 
slabs. 


COUNTS PER MINUTE 











executive committee. , ; Beta Detectors 











Howard Arnett, vice-president of nesowTion «2%. "guy aler onde reckon, its 
Portland General Electric Co., has sheets. 

been named manager of domestic 
power reactor sales for General Elec- 
tric’s Atomic Power Equipment Dept. 
John F. McAnulty has been appointed 7 NUCLEAR 

production manager of the nuclear , ERTERPRISES LTD. 
reactor material plant of W. R. Grace a d Av er 
& Co., Davison Chemical div., in We ER rey, bt er Stn 
Erwin, Tenn. meccoes , —_ in tet tag 
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Specify CONOSEAL Joints 
and Fittings 


CONOSEAL Tube Joint for lines from 1” 
through 12” diameters, pressures up to 
20,000 psi., temperatures from —325° F. 
to +1500° F. 


CONOSEAL Pipe Joint for 1” through 
8” pipe and in a wide range of pipe 
schedules for pressures up to 20,000 
psi., temperatures from —450° F. to 
+-2000° F. 








( 
(, 


CONOSEAL Union Fitting for small tubing 
under 1” size; standard fittings were 
designed to meet 16,000 psi. burst pres- 
sure. Special fittings have been designed 
for 100,000 psi. burst. No periodic re- 
torquing required when subjected to 
thermal shocks for either high or low 
temperatures. 





Double-Seal CONOSEAL for added re- 
liability for highly critical areas where 
contamination is a major concern. In a 
wide range of pipe sizes. 








Marman CONOSEAL Joints and V-Band 
Couplings are designed for maximum per- 
formance in nuclear applications. Where 
a zero leakage joint is required, the all- 
metal CONOSEAL Joint provides absolute 
dependability even when subject to shock, 
vibration and _ slight deflection. 
For structural joining, Marman offers a 


linear 


mG TRADE 


wide range of V-band coupling and flange 
styles engineered for your specifications. 
Specify Marman for maximum perform- 
ance. Write for your copy of new catalogs, 
or outline your requirements to our sales 
engineering staff who will furnish details 
on joint sizes and materials which are avail- 
able from stock for immediate delivery. 


CONOSEAL is an Aeroquip Trademark. 


eroquip 


MARMAN DIVISION 


11214 EXPOSITION BLVD., 


IN CANADA: AEROQUIP (CANADA) LTD 


LOS ANGELES, CALIFORNIA 


TORONTO 19, ONTARIO 


Marman Products are Covered by U.S. and Foreign Patents and Other Patents Pending 


Visit our Booth No. 205 at the Atom Fair West being held in 
San Francisco, Masonic Memorial Temple, December 12-15. 


|'NUCLEAR CALENDAR 


Dec. 4-7—-Annual Meeting of American 
Institute of Chemical Engineers, in- 
cluding sections on Nuclear Reactor 
Nuclear Chemical 

Washington, D. C. 

Van Antwerpen, Secre- 

15th St., New 


Operations and 
Plant Safety, 
Contact F. J 
tary, AIChE, 25 W 
York 36, N. Y 


Dec. 4-9—46th Annual Meeting of the 
tadiological Society of North Amer- 
ica. Cincinnati (Netherland-Hilton) 
About 80 papers on latest develop- 
ments in radiology will be presented. 
Contact Hugh N. Jones, publicity 
director for meetings, 20 North 
Wacker Drive, Chicago, II 





Dec. 5-8—Annual Meeting of American 
Rocket Society, Washington, D. C. 
(Shoreham). Unclassified session on 
nuclear rockets; abstracts due Aug. 15. 
Contact Frank Rom, Aeronautics and 
Space Administration, Lewis Re- 
search Center, 21000 Brookpark Rd., 
Cleveland, Ohio. 


Dec. 5-9—IAEA-sponsored Symposium 

y. on Pest Control by Radiation, Trom- 
bay, India. Contact John Burt, 
IAEA, United Nations, N. Y. 


Dec. 11-16—American Nuclear Society- 
Atomic Industrial Forum joint meet- 
ing, San Francisco (Mark Hopkins and 
Fairmont). 12-15th Atomfair West, 
first West Coast nuclear industrial 
exposition (Masonic Memorial Build- 
ing). Contact W. Kelly Woods, Val- 
lecitos Atomic Laboratory, Pleasanton, 
Calif., for ANS program; Edwin Wig- 
gin, AIF, 3 E. 54 St., N. Y. 22, for 
Forum program; Dan Scherer, AIF, 
for Atomfair. 11-14—8th Hot Labo- 
ratory and Equipment Conference. 
Paper summaries due May 16. Con- 
tact James R. Lilienthal, Los Alamos 
Scientific Laboratory, P. O. Box 1663, 
Los Alamos, N. M. 





Jan. 16-19 
ica Winter 
Conference & Exhibit, St 

Sheraton-J efferson; 

Kiel Auditorium. Contact William 

H. Kushnick, Executive Director, 

ISA, 313 Sixth Ave., Pittsburgh 22, 

Pa 


Instrument Society of Amer- 
Instrument-Automation 
Louis, Con- 


ference: Exhibit: 


Jan. 25-27—Southern California Indus- 
trial Radioisotopes Symposium, Los 
Angeles. Jointly sponsored by West- 
ern Gear Corp., Northrup Corp., and 
a group of California governmental, 
university and professional organiza- 
tions in cooperation with AEC. Con- 

tact Edward W. McCauley, Systems 

Management Div., Western 

Corp., P. O. Box 182, Lynwood, Calif. 


Gear 


Feb. 1—-4—Annual Winter Meeting of the 
American Physical Society, New York 
(Hotel New Yorker Contact K. K 
Darrow, American Physical Society, 
538 W. 120 St., New York 27 
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a 
new shape 
for power. 


@ Fuel for the Liquid Fluidized 
Bed Reactor, under development 
at Martin for the AEC, 
is in the form of loose pellets 
of low-enriched uranium dioxide. 
Experiments now under way, 
including critical tests, 
may prove LFBR holds some of the 
answers to the problem of 
lowering costs in nuclear power 
production. A fresh, solid idea 

. being developed by 
imaginative, but down-to-earth 
engineers. 


Nuclear powerplants, isotopic 
power, advanced reactor systems, 
propulsion systems, nuclear 
components . . . In these and other 
fields, the FUTURE is TODAY 

at Martin-Nuclear! 


. And in our rapidly expanding 
programs we have significant 
opportunities for ENGINEERS and 
SPECIALISTS at various levels 
of experience for work involving 
design, analysis, development 
and experimentation in advanced 
nuclear applications. 


You will enjoy the way of work 
at Martin-Nuclear, where 

the exceptional engineer is 
assured exceptional advancement. 
You will enjoy the way of life 

in Maryland, the beautiful land 
of cultural advantages, 

outdoor sports, the Colts, 

the Orioles, fabulous seafood 
and ideal family living. 


WRITE 
giving brief outline of your 
education and experience to 


MR. J. W. PERRY 
Director of Executive Staffing, 
Dept. 50-A 


v, 
pr" NUCLEAR DIVISION 


MVS £4 FETs Pe 
BALTIMORE 3, MD. 
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EMPLOYMENT OPPORTUNITIES 





CONNECTICUT AIRCRAFT EMPLOYMENT 

NUCLEAR ENGINE OPPORTUNITIES 

LABORATORY A 
NATIONAL” 


COVERAGE 





offers challenging opportunities 
in the field of 
The advertisements in this section include all 


ADVANCED NUCLEAR PROPULSION ment, technical, selling, oMice, skilled, monvel, 


etc. 





Challenging problems associated with the design — RATES — 

and development of liquid mefal cooled, high DISPLAYED: The advertising rate is $25.33 
temperature nuclear propulsion systems are being per inch for all advertising appearing on 
investigated and solved by engineers and scien- eo egy en 
tists at the CONNECTICUT AIRCRAFT NU- ee eta’ Tle iced BY eee 
CLEAR ENGINE LABORATORY of Pratt & tically on @ column—$ columns—80 inches 


Whitney Aircraft. to a page. 

— : . Subject Commission. 

Positions are available for graduate engineers and Ge to Caney Coentanee 
UNDISPLAYED: §$2.10 per line, minimum 


physicists having two or more years’ experience S tne. Sp fee edvenen gugmunt eomt 
in the following or related fields: 5 average words as a line. 

Box numbers—count as | line. 
REACTOR |ENGINEERING Discount of 10% if full payment is made 


SHIELDING in advance for 4 consecutive insertions. 


PHYSICS Not subject to Agency Commission. 


CONTROLS 





Send New Ads to NUCLEONICS 
Class. Adv., P.O. Box 12, N. Y. 36, N. Y. 

















NUCLEAR |iNstRUMENTATION 
ADDRESS BOX NO. REPLIES TO: Box No 
HAZARDS Classified Adv. Div. of this publication. 


Send to office nearest you 
NEW YORK 36: P. O. Box 12 
CHICAGO 11: 520 N. Michigan Ave 
SAN FRANCISCO 4: 68 Post St 











Send complete resume in confidence to Mr. L. T. 
Shiembob, Office 1. POSITION WANTED 


CANEL Senior Nuclear Sasooes, Orsort eioteeee, Ph.D., 
broad academic background and professional expe- 
BOX 611 , MIDDLETOWN , CONNECTICUT rience, seeks new opportunity. PW-5558, Nucleonics. 
PRATT & WHITNEY AIRCRAFT a te eed 
Sales Mer/Mfg Rep. Experienced BSME 12 yrs. 
Nuclear field engineering & sales in US, Canada & 


DIVISION OF UNITED AIRCRAFT CORPORATION Europe. Excellent Contacts. Top Recommenda- 
tions. Resume. RA-5470, Nucleonics. 

















for tt } 
Put Yourself in the Other 
POSITIONS ee Serene Fellow's Place” 


in the Progressive manufacturer, not pres- 
TO EMPLOYERS 


NUCLEAR ently in the nucleonics field, is inter- 
FIELD... ested in developing new products in- TO EMPLOYEES 


volving industrial or medical appli- on " flecina Emol : 
. 5. 20 , . ° tters written oficring mpioyment or 
aap “ap teaser cations of radiation. We wish to hire applying for same are written with the 
“a . s — ope of satisfying a current no An 
No Resume Required S Sen OF Cugmter who can initi- answer, regardless of whether it is favorable 
X ate and carry through a sound long MR i is EMPLOYER” con't 
Our national coverage and $ j won't you remove the 
technical @ ° rs range program ae —_ the status of an employee’s 
th ' “tielé off in application by acknowledging ol, opments 
e nuclear field offers Dactint . and not “> oe romising candidates. 
, articipat 2 
he wuduen quencing cipation in management and in MR you, too, can help by 


: eventual ownership of new enterprise acknowledging "applications and job offers. 
to achieve your goals. I ye This would encourage more companies to 
Confidential Handling 


is possible for the right man. Loca- paper oe wanted ads in this section. 

. . y e make suggestion in a spirit of help- 

Employer Pays Fee tion Chicago el cooperation between employers and em- 
oyees. 


Write: Arthur L. Krasnow Write in confidence to his section will be the more useful to all 
as a result of this consideration. 


ATOMIC PERSONNEL, INC. P-5437 Nucleonics Classified Advertising Division 


1518 Wainut St. « Phila. 2, Pa. « PE 5-4908 520 N. Michigan Ave., Chicago 11, Ill. McGRAW-HILL PUBLISHING CO., INC. 
An Employment Agency for the Nuclear Field : 330 West 42nd St., New York 36, N. Y. 
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Some Current Areas of Need 


POWER PLANT TEST AND ANALYSIS 
INSTRUMENTATION AND CONTROL DESIGN 
PUMP AND VALVE DESIGN 

HEAT EXCHANGER DESIGN 
REACTOR NUCLEAR ANALYSIS 
THEORETICAL PHYSICS (PhD) 
EXPERIMENTAL PHYSICS 

NUCLEAR INSTRUMENTATION 
COOLANT TECHNOLOGY 

REACTOR COMPONENTS DESIGN 
X-RAY FLUORESCENCE 
ENGINEERING MATHEMATICS (PhD) 


EMPLOYMENT OPPORTUNITIES 


Building on a succession of achievements in re- 
actor applications and nuclear development, The 
Knolls Atomic Power Laboratory is currently ex- 
panding its program scope in a number of new 


_ directions—both exploratory and developmental. 


Security restrictions prevent the identification of 
projects, or a detailed disclosure of the unique 


| professional opportunities now open at KAPL. 


However, within these limitations we would be 
pleased to discuss tne unclassified portions of 
our programs and describe the Laboratory's spe- 


_ cialized experimental, computational and test 


facilities to nuclear scientists and engineers in- 
terested in reactor power plant development. 


AR ENGINEERS AND SCIENTISTS 


’ Qualified candidates, with experience in one or 


more of the fields listed at the left are invited to 
inquire about positions now available. 


4 


Address your inquiry in strict professional con- 

_ fidence to Mr. A. J. Scipione, Dept. 48-ML. U. S. 

4 Citizenship and appropriate engineering or scien- 
_ tific degree required. 


LECTRIC 





RADIOCHEMIST 


Major petroleum Research Center 
has position open for Physical 
Chemist—Ph.D. or equivalent, 
who is experienced in activation 
analysis and _ radiotracer tech- 
niques. Challenging work; mod- 
ern facilities; liberal publication 
policy; salary open. 


CHIEF—NUCLEAR SAFETY 
in the field of 


ATOMIC ENERGY 





pone Se on Position available in the Health and Safety Division for Graduate 


Chemist or Physicist with 5 to 7 years’ experience, some of which 
should be in Nuclear Safety. Responsibilities include examining, 
detecting and recommending correction of safety hazards and 
outlining safety methods in the enriched material operations. 
Other duties entail studying criticality conditions affecting the 
health of employees and planning educational programs in Nu- 
clear Safety. 


Employment Manager 
Gulf Research & Development Co. 
P.O. Drawer 2038, Pittsburgh 30, Pa. 








ANTON IS EXPANDING 
NUCLEAR SALES REPS WANTED 


For nuclear detector tube and instrument field 
sales force both in Contimental U.S.A. and 


ay ts sivendy sepeqsnted by the The opening offers a challenging technical opportunity for experi- 
top nuclear organizations in their respective ence in the rapidly growing Atomic Energy field, an excellent 
benefits program and company-paid relocation expenses. 


territories and countries, but new opportuni- 
ties are still available y 
Forward full details including eter Tame 
a ie “Gaee auleee ame Please send resume of education, experience and salary 
and some typical accounts called upon. requirements to WARREN WIRTZ, Employment Supervisor 
Should have some background in the nuclear ’ ‘ 
field Dept. J-101, 


MBL Igy oo 


Contractor Operator for the Atomic Energy Commission 
P. O. Box 158, CINCINNATI 39, OHIO 


Please write: N. Paris, Nuclear Sales Manager 


ANTON ELECTRONIC LABORATORIES, INC. 
1226 Flushing Ave. Brooklyn 37, N.Y. 








PRODUCTS DEPT. HEAD 
$18,000 PER YEAR 


Directs all engineering aspects of five product 
lines of electronics and micro-wave equipment 
from original development through product de- 
sign and production follow-up. Company cli- 
ent assumes all employment expense. Send 
resume in complete confidence. 
ESQUIRE PERSONNEL 
202 S. State Street Chicago 4, Illinois 
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EMPLOYMENT OPPORTUNITIES 


| 





SEARCHLIGHT 
SECTION 


(Classified Advertising) 


Several select positions are now BUSINESS OPPORTUNITIES 


p | : available in an analytical group EQUIPMENT—USED or RESALE 
i opu Sion engaged in performance analysis DISPLAYED RATE 


4 
ul 


of systems that will represent sig- Bh of Ap ll 


nificant advancements in the state $2.10 a line. Minimum 3 lines. 


S stem of the art _ advanced hypersonic (Not Available for Equipment Advertising) 
Send New Advertisements and Inquiries 


air-breathing propulsion systems, wigs oe ote ewes gy Beem 
nuclear power-cycle concepts for Nucleonics 
and auxiliary space power-units, air- = 
transportable power-packages and 
central power-station equipment. 
p Studies require objective imagina- MANUFACTURER’S SURPLUS 
ower tion and a wide range of scientific Type 6292—2” Photomultiplier Tubes 
and technical skills. Tested But Unused 
Programs are of the long-range Manufacturer's product requires unusually 


critical dark noise characteristics. 


Cycle sustained type and have excellent originally oo tubes, which do not 
: have these aracteristics Du ee ll of 
management support. Readily > waiters quilaion ie a 

fered for sale. 


available are superior analog and é 
OT: 1-9 at $40.00 each 


Anal sts digital computer services and OT: 10-49 at $35.00 each 
contributing efforts by experi- OT: 50 and over * we h 
Net ays 


P.O. Box 


) 








Terms f.o.b. plant 


enced specialists with comple- | PACKARD INSTRUMENT CO., INC., 
mentary skills. P. O. Box 428, La Grange, Illinois 
Select Opportunities These are attractive opportun- 
for outstanding .. . ities at a level that will interest 
® PHYSICAL CHEMISTS outstanding technical men. Mini- 
@ MECHANICAL ENGINEERS mum qualifications include an 
' WHERE TO BUY 


© CHEMICAL ENGINEERS advanced degree plus related 
experience. 














CUSTOM 


RESEARCH LABORATORIES FILM BADGE SERVICE 


Write m confidence to Performed to your specifications 
MR. W. R. WALSH UNITED AIRCRAFT CORPORATION NUCLEAR SERVICE LABORATORIES, INC 
400 Main Street, East Hartford 8, Connecticut “Radiation Monitoring Specialists’’ 
P.O. Box 1885 Knoxville 1, Tennessee 























Plastic Radiation 
WARNING SIGNS 


NUCLEAR SUPERHEAT Made ve ABC es 
Also special wording 


AD-O-PLASTIC 
One of the advanced concepts that Se eee 


GENERAL NUCLEAR ENGINEERING CORPORATION 














PROFESSIONAL 
SERVICES 


is developing for construction in the immediate future 


Graduate Engineers and Physicists with reactor design 
experience will find stimulating and rewarding op- 
portunities in these boiling-superheating reactors, in 


lin. call 





ASTRA, Inc. 

. ’ For Your Atomic Energy Problems 
concepts ; eneral Nuclear. : 

ncepts at Genera poaware Nuclear Analyses, Reactor Specifications and 
End . Designs, Radiation Shielding Design and Anal- 
Positions are also open for new graduates. Work in ysis, Criticality Hazards Studies, Thermody- 

: 3 : namics and Heat Transfer Analysis, Facilities 

small design and development groups of broad scope Planning, Health Physics 

- _ pee P. O. Box 226 Raleigh, North Carolina 
gives maximum opportunity for advancement and for VAnce 8-4386 CABLE: “ASTRA” 


gas-cooled reactors, and in other practical advanced 





professional development 





NUCLEAR TECHNOLOGY CORPORATION 


v ‘ 

Send resumes to: L. C. Furney Consultants to the Nuclear Industry 

Reactor conceptual design, reactor physics, 

GENERAL NUCLEAR ENGINEERING CORP heat transfer and fluid flow, shielding, reactor 
mechanical design, hazards evaluation, nuclear 

D : : economics, reactor evaluation, computer tech- 

unedin, Florida niques 
President, Joseph De Felice 
Irvington, New York LYric 1-8820 
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EMPLOYMENT OPPORTUNITIES 





SENIOR ENGINEERS AND 


SCIENTISTS tn THE FIELD OF NUCLEAR DEVELOPMENT 


Atomic Power Development Associates, Inc. invites inquiries 
for current openings in the fast breeder reactor program. 


Currently APDA is actively engaged in the 
Enrico Fermi Fast Breeder Reactor program with 
challenging assignments: the nuclear startup pro 
gram to demonstrate reactor stability and pre- 
dicted nuclear characteristics, presently in the 
planning stage for the first core; the development 
of a second and a third core loading in conjunc 
tion with Oak Ridge National Laboratory. 


Additional work to develop more economical 
and efficient fast reactor systems is being con- 
ducted in support of the AEC 10-year program. 


APDA, the pioneer in industrial fast breeder 
reactor development, offers diversity, challenge 
and an excellert opportunity for rapid develop- 
ment. 


Mail resume of qualifications to: 


Frank Nitzberg 
Atomic Power Development Associates, Inc. 
- 1911 First Street 
ENRICO FERMI ATOMIC POWER PLANT Detroit 26, Michigan 











LEGAL NOTICE 


STATSISE SE REQUIRED BY THE ACT OF 
AUGUST 1912, AS AMENDED BY THE 
JU 


ACTS OF MARCH 3, 1933, AND 
2, 1946 (Title 39, United States Code, 
Section 233) SHOWING THE 
OWNERSHIP. MANAGEMENT, & 
AND CIRCULATION 

Of Nucleonics published monthly at York, ° . > 

Pennsylvania, for October 1, 1960 Is conducting a long term program of basic work in 
The names and addresses of the publisher, il . . . 

giles manncian eines, sad Ga ae are: : é Physical Chemistry, Radiochemistry, and ecology of 
Published McGraw-Hi TT Publishing Company, Inc., P ,  T a ae ee ‘ 
S30 Wet wind & New You 36 771 tdmos, natural radioactivity (heavy elements). 
Jerome D. Luntz, 330 West 42nd’ St., New York a P ‘ : 
36, N. Y.: Managing Editor. Daniel I. Cooper, 330 There are openings at Junior, Senior, and Group 
West 42nd St New York 36, N. Y.; Business 0 A 4 
Manager me O’Brien, 330 West 42nd St., Leader levels in the following areas: 
New York 

2. The owner McGraw-Hill Publishing Con: 
pany, Inc., 330 West 42nd St., New York 36, .¢ ° . ‘ 4 ‘ 
Stockholders holding 1% or more of ES gt . Physical Chemical and Tracer experimentation. 
Donald C. McGraw & Willard T. Chevalier, Trustees Be : 
under iodens re of Trust m/b James H. McGraw, N | 2 y . ° 
dated 1/14/21 as modified; Donald C. McGraw & . Methods development for radio-chemical analy- 
Harold. W. McGraw, Trustees under an Indenture of ee ° : 
Trust m/b James H. McGraw, dated 7/1/37 as sis of complex systems. 
amended; Donald (¢ McGraw, individually; Estate P 





of Mildred W. McGraw, Donald C. McGraw and 3 R: ° on : 4 
Catharine McGraw Rock, Executors:, (all of 330 | 3 3. Radiometric instrumentation applications. 
West 42nd Street, New York 36, ? Nn’, Gra oe kh 
Mehren, 536 Arenas St., LaJolla, Cali Affiliate és : se . . on 
ind. Inc.. 63 Wall St.. New York, N. Y.; Genoy ‘ 4. Environmental and ecological studies, specific 
O. Box 491, Church St. Station, New : ‘ ° ° . 
Y.; Touchstone & Co., ¢/o Wellington | orientation to radiological problems. 
Claymont, Delaware 
known bondholders, mortgagees, and other 
security holders owning or holding 1 percent or | ; ete © J : 
more of total amount of bonds, mortgages, or LOCATION : Boston Suburban: 
other securities are: None : 
4. Paragraphs 2 and 3 include, in cases where | ; . 
the stockholder or security holder appears upon ‘ Easy access to Boston and New England 
the books of the company as trustee or in any d weer es 
other fiduciary relation, the name of the person ot | educational and cultural activities, and to 
corporation for whom such trustee is acting; also a8 aa ° 
the statements in the two paragraphs show the = ocean, lake and mountain resort areas. 
affiant’s full knowledge and belief as to the circum- 
stances and conditions under which stockholders 
nd security holders who do not appear upon the "rear Por] - f 
books of the company as trustees, hold stock and SEN D RESI ME TO: 
securities in a capacity other than that of a bona ; 
fide . * 
5 > average number of copies of each issue Technical Director 
of this publication sold or distributed, through the 
mails or otherwise, to paid subscribers during the WINCHESTER LABORATORY 
12 months preceding the date shown above was: BOX 1ST A 
19,98 
McG R AW-HILL PUBI ENG, COMPANY, INC. 
By John J. Cooke, Secretary 
Sworn to and subscribed before me this 15th day WINCHESTER, MASSACHUSETTS 
f September 96 
(SEAL) JANET A. gg ths ICK 
(My Commission expires March 30, 196 
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Gaertner Precision Optical Bench Assembly 


~ ie 


Useful in checking optics and for experimental instrumentation setups 


The Precision Optical Bench is a versa- 
tile measuring instrument consisting of 
a lathe-bed-type base, light source, col- 
limator with interchangeable filters and 
targets, nodal slide and microscope with 
three -dimensional adjustment. Focal 
lengths, resolving power and the vari- 
ous aberrations of optical parts and 
systems can be measured. 

The several components can be used 
independently for special test setups, 
mock-ups and experimental instrumen- 
tation — providing linear and angular 
motions and measurements, alignment 
and stable support. 





Double and single rod benches and 
a large selection of carriages, holders 
and supports provide a complete selec- 
tion from which to choose. 

Gaertner offers a wide range of opti- 
cal and measuring instruments, includ- 
ing special modifications, design and 
manufacture of special instruments and 
optical systems, and manufacture of 
subassemblies and instruments from 
customer sketches and drawings. 


Send for bulletin 156-59 


GTaertmMeP’ os: worm. 


SCIENTIFIC CORPORATION Chicago 14, BU 1-5335 


: Hl, 
tii? 3 


FROM -300°F 
TO 4000° PLUS 


The world's finest thermocouples. 
New process increases precision 
and temperature range. Exceeds 
all military and commercial 

specs. Con-O-Pak is used in 
aircraft, missiles, nucleonics, 
chemical processing. 

Useful data? ... Ask for 

“The Con-O-Pak Story.” 


CONTINENTAL SENSING INC 
1950 N. Ruby St., Melrose Park. Illinois 


FLEXIBLE AND SHEATHED THERMOCOUP! Cs - THERMOCOUPLE WIRE » HEATING ELEMENTS + CONNECTORS 


150 
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Kearfott Uninterrupted Power Systems... 


FOR CONTINUOUS, UNVARYING 
POWER AT ALL TIMES 


NORMAL POWER 











== NORMAL POWER FLOW 1 | 
) mmm EMERGENCY POWER FLOW STATIC DC 











POWER SUPPLY 
AC oc 
GEN. MOTOR 











—_— 
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TWO ELEMENT UNINTERRUPTED POWER SUPPLY 


BATTERY 


Typical applications: Nuclear Reactors » Power Distribution 
» Digital Computers = Process Control» Communication Systems 


Kearfott Uninterrupted Power Systems are vital in applications 
where any interruption in AC power can cause serious loss or 
delay. These continuous power systems, which can be tailored 
to a variety of requirements, put an end — once and for all — 
to the problem of varying or intermittent prime power. 


In one representative system arrangement, an AC generator 
is driven by a DC motor which derives power from a regulated 
rectifier in parallel with a long-life storage battery. When power 
fails or varies the rectifier, which normally supplies power to 
the DC driving motor, is disconnected and the battery provides 
surge-free power to the motor—in zero time. When prime power 
is restored, the system automatically reverts to standard op- 
erating conditions and the battery is restored to readiness by 
the main battery charger. 


Also available in 2 and 3 unit systems operating in parallel with 
or isolated from the line, Kearfott’s compact uninterrupted 
power systems also provide audible and/or visual alarms to 
indicate over- and under-voltage, overload or ground condi- 


tions. 
Generator ratings to 


150 KVA 60 and 400 cycles, 
single and polyphase. 


Frequency, voltage, and 
transfer regulation as 
required by the application, 


For complete data on the wide variety of arrangements available, write to: 


KEARFOTT DIVISION 


GENERAL PRECISION, INC. 





<> 


Little Falls, New Jersey 





INSURE 

TUBE 
will 
SUTOPE 

SOURCES 


Leading electron tube manufacturers now rely on isotopic ionization 
sources from U. S. Radium to insure quick start-up and maintain firing 
stability. 

U. S. Radium now offers plated electrodes and radium foil in required 
configurations for incorporation in electron tube envelope design. Use of 
such isotopes as Ni® eliminates problems associated with improper firing 
due to prolonged storage or extreme environmental conditions. 

U. S. Radium’s plated electrodes and foil elements are easily installed, 
eliminating the cumbersome, inaccurate and hazardous methods asso- 
ciated with the evaporation of radioactive solutions within a tube. 

Investigate isotope sources for your tube oe. 
ionization problems. Write Department F 12  ) 


UNITED STATES RADIUM CORPORATION 


MORRISTOWN, N.J. | Offices: Chicago, Illinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 
Port Credit, Ont., Canada and U.S. Radium Corp. (Europe), Geneva, Switzerland. 


152 
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Buyer’s Guide for complete line of 
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bility for errors or omissions. 
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NUCLEAR P ROGRESS at Air Force Plant 6/7 


Now in operation on a 20 square mile tract of hilly, isolated 
woodland in the north Georgia mountains, the Georgia Nuclear 
Laboratories is the nation’s only facility which can perform and 
evaluate radiation tests on complete operating subsystems — and 
other large components — with thoroughness, accuracy and speed 


10 megawatt reactor (shown above) can irradiate six flatcar 
loads of subsystems and components simultaneously in actual 
operational environments. Throughout the irradiation testing, data 
is gathered through 1200 channels and recorded for processing. 


wie | 


EN 
\ * 


ee : “ 
rte iedn rms 4 
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Above aerial view shows the housing of the 10 megawatt reactor 
and the six railroad tracks, leading into building, over which sys- 
tems and components can be transferred to the reactor for above- 
ground irradiation. The reactor is controlled, and TV-monitored 
from a nearby underground Reactor Operations building. 


Disassembly of irradiated subsystems takes place in one of four 
huge completely equipped hot cells of Radiation Effects Labora- 
tory —to which they are moved by flatcar. Hot cells are supported 
by warm labs and shops for analysis of the irradiated components. 


LOCKHEED NUCLEAR PRODUCTS 


GEORGIA DIVISION: DAWSONVILLE, MARIETTA, ATLANTA 


LOCKHEED 





ATIONAL NUCLEAR GRAPHITE... 


TRADE MAR 








Graphite’s unique properties 
conform to the many 
requirements for high 

temperature fuel elements 


@ High temperature strength. 

@ High thermal conductivity. 

@ Resistance to thermal shock. 

@ Dimensional stability. 

@ No practical melting point — 
safety. 

@ Low neutron absorption — 
neutron economy. 

@ Neutron moderation. 

@ Resistance to radiation damage. 

@ Flexibility of design. 

@ Simplified reprocessing of spent 
elements. 
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Some typical “National” graphite nuclear fuel element concepts. 


FUEL ELEMENT CONCEPTS FOR 
HIGH TEMPERATURE REACTORS 


Today, there is intense interest in obtaining nuclear heat at tem- 
peratures above 800-900°C. To accomplish these high tempera- 
tures, industry must develop a reliable fuel element. National 
Carbon Company has undertaken an extensive research and 
development program to help meet this need. Illustrated above 
are a number of graphite matrix nuclear fuel element conceptual 
designs for high temperature reactors. 

Dispersions of fissionable and fertile materials — uranium and 
thorium oxides, or carbides —in a graphite matrix will permit 
operation of reactors at higher temperatures, higher specific 
power, high burn-up, low fuel fabrication cost and excellent 
neutron economy. Spent fuel processing may be considerably 
simplified when graphite base fuel materials are used. 

National Carbon Company is presently conducting extensive 
research to further develop impervious graphite and effective 
impervious coatings for retaining fission products and preventing 
oxidation. Remember .. . no other materiai today has so many 
useful nuclear properties as does ‘‘National” Nuclear Graphite. 


Write today for 
8-Page Brochure 
“ ‘National’ Nuclear Graphite” 


NATIONAL CARBON COMPANY it) 


“ " and “Union Carbide” , 
Bers tncc Division of Union Carbide Corporation . 270 Park Avenue, New York 17, New York CARBIDE 


registered trade-marks for products of 


IN CANADA: Union Carbide Canada Limited, Toronto 
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